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PREFACE. 


BY  PROFESSOR  EDAVARD  E.  PRINCE^  LLD.^  D.SC.,  F.R.S.C.,  CtC.,  UOMINION  COMMISSIONER  OF 
FISHERIES^  CHAIRMAN  OF  THE  BIOLOGICAL  BOARD  OF  CANADA;  AIEMBER  OF  THE  BRITISH 
SCIENCE  GUILD^  LONDON;  ATCE-PRESIDENT  INTERNATIONAL  FISHERIES  CONGRESS,  AVASH- 
INGTON,  D.C.,  1907  ;AND  CHAIRJIAN  of  INTERNATIONAL  RELATIONS,  AMERICAN  FISHERIES 
SOCIETY. 

The  series  of  nine  biological  papers,  included  in  the  present  publication,  com- 
piises  a selection  of  the  researches  completed  by  ARirious  members  of  the  scientific 
staff,  last  season,  and  includes  some  Avork  done  in  previous  seasons  at  the  tAvo  Cana- 
dian Biological  Stations,  at  St.  AndrcAvs,  jSieAV  BrunsAvick,  and  at  Departure  Bay, 
British  Columbia. 

ScA^eral  A’ery  important  investigations  might  have  been  included,  but  are  not 
really  complete  at  this  date;  tAvo  bearing  directly  upon  the  utilization  of  certain  fish- 
nroducts  for  food;  but  they  Avill  be  published  in  the  next  volume  of  “ Contributions.’ 
'File  question  of  a serial  publication,  or  of  the  issue  of  separate  papers  as  they  reach 
completion,  has  occupied  the  attention  of  the  Biological  Board,  especially  in  vicAv  of 
the  fact  that  some  reseai'ches  can  be  completed  earlier  for  publication  than  others, 
and  yet  are  held  back  in  order  to  appear  in  the  same  A’olume  Avith  papers  Avhich  for 
various  reasons  cannot  be  hastened.  About  tAventy  trained  scientific  Avorkers  from 
eight  different  UniA^ersities  haA^e  during  the  past  season  attended  one  or  other  of  the 
Stations,  and  all  engaged  in  marine  and  fishery  studies  of  special  interest,  and  in 
most  cases  of  direct  value  practically  and  scientifically. 

Purely  scientific  jiroblems,  Avhile  not  neglected,  have  not  formed  a prominent 
feature  in  the  biological  investigations  at  the  stations  under  the  Board,  and  on  many 
occasions  there  has  been  official  recognition  of  the  value  to  the  Government  of  the 
I’csearches  undertaken.  This  appreciation  of  the  practical  bearing  on  the  great  fishing 
industries  of  Canada,  of  their  Avork,  has  been  a great  satisfaction  to  the  staff.  Most  of 
them  carry  on  their  Avoi’k  AA’ithout  recompense  from  the  GoA^ernment,  and  in  no  case 
has  adequate  recompense  been  possible.  The  main  reAvard  has  been  the  satisfaction 
Avhich  original  discovery  in  Science  affords,  the  satisfaction  of  adding  to  man’s  knoAV- 
Icdge  of  Mature  and  her  resources,  and  of  solving  the  pressing  problems  Avhich  the 
great  industries  on  our  seas  and  inland  Avaters  offer  for  solution  to  trained  scientific 
experts. 

During  the  year  1915  Dr.  Johan  Tljort,  Director  of  Fisheries,  MorAv ay,  continued 
the  comprehensiA'e  sui’A’ey  of  the  Avaters  of  the  Gulf  of  St.  LaAvrence  and  the  Maritime 
ProA'inces  shores  AA’hich  he  had  commenced  the  year  before.  Such  a fishery  survey, 
haA’ing  special  reference  to  the  hei'ring,  cod,  etc.,  had  been  considered  by  the  Biological 
Board  in  1909,  and  the  Board  had  decided  to  enlist,  if  possible,  the  skilled  aid  of  Dr. 
TTjort,  or  some  Morse  expert  to  be  selected  by  him,  and,  as  Chairman  of  the  Board, 
1 Avrote  to  Dr.  Hjort  on  the  subject.  Professor  E.  IV.  McBride,  aaEo  Avas  then  the 
representative  of  McGill  University  on  the  Board,  folloAA^ed  up  my  communication, 
and  Dr.  Hjort  replied  recommending  a qualified  junior  member  of  his  scientific  fishery 
staff;  but,  oAving  to  certain  conditions  involved,  the  proposal  remained  in  abeyance. 
Tavo  years  later  the  proposition  Avas  revived  by  the  Biological  Board,  Avho  laid  the 
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natter  before  the  I Ton.  the  ^fillister  because  of  the  fact  that  the  ordinary  appropria- 
tion available  was  too  limited  to  allow  of  a larpc  expenditure  upon  such  a fishery 
expedition.  Xo  final  decision  was  reached  until  1914,  when  the  scheme  took  practical 
sl.aiic  and  Dr.  Iljort.  in  the  fall  of  that  year,  be^ran  his  researches.  During  his  second 
season  (19ir»)  in  (’aiiada  he  carried  out  a very  elaborate  scries  of  investiffations,  and 
several  members  of  the  Iliolofileal  stalf  took  part,  including  Professor  Willey,  Dr.  A. 
( r.  Huntsman.  Dr.  .1.  W.  .Mavor,  and  (’ommaiider  Anderson  and  other  officenj  of  the 
Xaval  Service  1 lejiartment. 

A series  of  voluminous  memoirs,  most  of  them  fully  illustrated,  is  now  in  the 
i rinter’s  hands,  and  the  results  of  this  imiiortant  Atlantic  Fishery  Expedition  will 
be  of  itermaiH'ut  interest  ainl  value. 

As  in  jtrevious  volumes  of  the  Piolofrieal  CVmtributions,  f frive  a brief  resume 
ot  the  si'veral  pajiers  whieb  follow,  for  i-onvenience  of  reference,  and  to  afford  a ready 
means  of  knowinj;  some  of  the  main  iioints  set  forth  by  tbe  authors. 

1.  'I'liK  Wi.NTKK  Pl.vnkto.v,  St.  Amli’cw.s,  1914-l.j. — (Professor  McMurrich.) 

Previous  Plankton  investifrutions  have  been  carried  on  in  slimmer;  but  in  view 
of  the  importance,  as  a source  of  nutriment  for  marine  fishes,  of  the  minute  organisms 
lloating  in  the  sea,  it  appeared  desirable  to  study  these  organisms  in  winter,  as  well 
as  during  the  warmer  months  of  the  year,  and  Mr.  Arthur  Calder,  a permanent  officer 
of  the  St.  Andrews  Piological  Station,  made  collections  from  September,  1914,  to  ^Nfay, 
19ir>.  About  twenty  stations  were  visited  regularly  and  suitable  plankton  nets  used 
at  the  surface  and  at  a depth  of  three  fathoms.  The  depth  and  temperature  (of  the 
air  and  water),  and  the  condition  of  the  tide,  were  recorded  on  each  occasion.  Pro- 
fessor ^Ic^Iurrich  ])oints  out  that  the  collections  at  three  fathoms  depth  showed  greater 
abundance  than  near  the  surface;  but  the  finer  net  used  at  the  latter  level  may  have 
influenced  the  result.  The  author  grades  the  occurrence  of  the  different  species 
identifii'd  by  him  as  “ abundant,”  or  “ frequent,”  or  “ occasional,”  or  “ rare,”  and  a 
study  of  the  synoptical  table,  at  the  end  of  the  paper,  gives  at  a glance  the  comparative 
results.  Among  the  microscopic  idant-forms,  the  sub-globular  Coscinodiscus  (four 
species)  is  most  constant,  but  it  increases  in  abundance  as  spring  comes  on.  Xext, 
but  mucb  less  constant,  is  Piddidphia.  Cliaetoceras,  four  or  five  species,  occurs 
throughout  the  Avintcr  near  the  surface;  but  Thalassiosira  and  Ehizosolenia  become 
suddenly  most  abundant  in  ^lay  and  April.  Ceratium  and  Peridinium,  several  species, 
were  not  freciuent. 

Curiousl.v  enough,  some  familiar  animal  forms  seemed  to  be  absent  in  winter, 
snch  as  the*  Foraminifrva,  Iladiolarians,  and  Infusorians,  a few  of  the  latter  only 
f.ccurring.  Similarly  Hydroids,  and  Echinoderm  larvae,  were  rare  in  contrast  to  their 
frequency  in  summer.  Higher  animals,  e.g.,  ivorms,  mollusks,  and  the  like,  were  rare, 
oiic  Sagitta  being  taken  on  January  1st,  and  a number  of  Plutei,  and  Holothurian  ova 
and  larvae,  in  April  and  May.  Minute  crustaceans  form,  as  a rule,  a most  abundant 
clement  in  the  zoo-plankton,  and  the  Copepods  or  water-fleas  appeared  during  the 
winter  to  be  most  constant,  very  few  of  the  C’ladocera  being  taken  (viz.  a .sjiecies  of 
Podon  about  the  middle  of  October  at  three  fathoms  depth;  Temora,  Ilarpacticus, 
Zaus,  etc.,  being  abundant  or  fro(|uent,  but  Calani,  speides  of  Avhich  the  rarest  forms 
were  Pornthnlesfris  J nelson i,  not  bed'ore  recorded  in  west  Atlantic  waters,  and  a 
single  Unlithalestr'is.  Larval  crabs  and  allied  forms  ivere  rare,  no  lobster  fry  occurred; 
but  Tunicate  larvae  were  secured  early  in  Xovember  and  January,  and  Appendicu- 
larians  in  October.  Oidy  a few  fish  eggs  and  one  small  shore  fish  (pelagic  stage)  were 
obtained. 

The  winter  jdankton  in  these  waters  would  not  appear  to  be  so  abundant  or  varied 
as  anticii)ated ; but  it  may  be  that,  by  using  modified  nets  and  by  more  extended  work, 
areas  of  plentitudc  may  be  discovered  to  which  the  schools  of  young  fish  resort  for 
feeding  purposes. 
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2.  Diatoms  and  Luhstkr  Ivkarino. — (Professor  MacClement.) 

Professor  KnifrliPs  laborious  researches  have  sliown  tliat  efforts  to  rear  lobsters 
through  the  young  stages  iii  hatching  ponds  have  been  liainpcred  by  several  difficulties, 
one  of  tlie  most  serious  being  the  diatom  pest.  After  hatching,  larval  lobsters  crowd 
near  the  lighted  surface  layers  of  the  wat(‘r,  until  after  four  or  five  moults  they  seek 
shelter  at  the  bottom.  While  under  the  influence  of  suidight  they  become  loaded  with 
inieroscopie  iilants,  the  diatoms  forming  a feathery  coat  as  it  were,  and  so  incom- 
mode the  Heating  larval  lobsters  that  they  wore  okserved  to  sink  to  the  bottom  of  the 
boxes  used  in  the  experiments  at  Long  Peach,  Xova  Scotia. 

After  a description  of  the  structure  of  diatoms,  and  of  the  three  or  four  species 
chiefly  affecting  young  lobsters,  the  author  dwells  upon  the  two  principal  methods  of 
combatting  the  pest,  auz.,  by  copper  sulphate  solution,  which  iiroved  fatal  when  only 
to  2 parts  in  three  million  parts  of  water  were  tried;  and  a second  method,  i.e.,  the 
screening  from  direct  sunlight  of  the  rearing  boxes.  Under  this  latter  method  larval 
lobsters  loaded  with  diatoms  soon  lost  a great  many  of  them,  and  they  moulted  earlier, 
viz.,  in  nine  days,  whereas  the  lobster  fry  not  shaded  from  sunlight  did  not  moidt 
until  the  thirteenth  day.  JAcmophora  was  the  chief  pest,  but  a list  of  nineteen  species 
of  diatoms  occurring  in  the  boxes  is  given,  and  the  relation  of  the  plankton  to  the 
sessile  diatom  pest  is  interestingly  exprainod. 


3.  The  Scales  of  the  Sprixc  Salmon. — (lh\  (J.  McLean  Fraser.) 


After  reference  to  other  work  on  fish  scales,  as  affording  information  on  the 
growth  of  fishes.  Dr.  Fraser  states  that  the  rings  of  growth  in  the  Spring  Salmon  or 
(kiiiiiuit  are  much  more  regular  in  arrangement  than  those  of  the  herring  scale,  and 
closely  resemble  the  growth  in  a twig  of  Avood  (in  cross  section)  ; the  rings  being 
closer  and  more  compact  in  winter  (the  “winter  check  AA'hereas  from  late  in  April 
to  late  in  Xovember  the  rings  are  wider,  like  the  looser  texture  of  the  summer  growth 
in  the  twig.  Dr.  Fraser  noticed  between  March  17th  and  Ax>ril  22nd,  and  between 
.Xovember  27th  and  January  5th,  there  were  in  many  specimens  evidences  of  retard- 
ation of  growth,  as  Einar  Lea  had  also  noticed  in  the  Norwegian  herring.  Careful 
tests  made  by  the  author  did  not  show  any  relation  between  the  temperature  of  the 
water  and  the  retardation  or  the  acceleration  of  growth,  and  the  “ graphs  ” gUen  in 
the  paper  fully  confirm  this  negative  result.  Nor  does  variation  in  food-supply  appear 
to  explain  the  phenomenon.  An  exhaustive  study  of  the  growth  of  the  fish  was  made 
from  the  time  Avhen  the  fry  (IJ  inches  long),  not  yet  jirovided  with  scales,  descends 
to  the  sea. 

At  the  end  of  the  year  the  fish  are  10  inches  long  usually  and  weigh  about  half  a 
pound.  Not  all  the  fry  descend  the  first  year;  but  some  remain,  and  acquire  their 
scaly  covering  in  fresh  water.  The  summer  rings  are  close  together,  so  slow  is  the 
growth  of  the  fish  in  fresh  water,  and  the  two  types  of  fish  are  remarkably  contrasted 
even  when  both  mingle  in  the  same  schools  in  the  sea.  Thus,  the  fish  which  reach  the 
sea  from  March  to  April  in  their  first  year,  may  be  201  inches  long  and  weigh  4 pounds 
or  over;  but  the  delayed  fish  are  only  14  inches  and  of  a weight  of  a pound.  In  the 
third  year  they  are  respectively  281  inches  and  14  pounds  weight,  and  23  inches  and 
6 pounds  weight;  while,  in  the  fourth' year,  they  are  in  length  33  inches  and  30  inches, 
and  in  weight  22  pounds  and  IG  pounds  respectively.  The  more  rapid  growth  of  the 
“ sea  type  ” indicates  that  the  retention  of  the  fry  in  ponds  is  a mistake,  and  based  on 
lack  of  accurate  knowledge  of  the  peculiarities  of  the  Pacific  Quinnat  Salmon.  Four 
very  graphic  plates  and  two  diagrams  establish  the  important  conclusions  reached 
by  Dr.  Fraser. 
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4.  On  tiik  Liki;-I  lisTiiiiv  (jf  tmio  (Juno. — (Dr.  McLean  Fraser.) 

The  aullior  points  out  that  tlie  increasing  coniniercial  value  of  the  (Joho  or  Silver 
Salmon  (Oncorhynchns  l-istilch  i in  recent  years  justifies  a thorough  investigation  of 
its  life-history,  rate  of  growth,  etc.  4'lie  sj)awning  grounds  are  usually  a short  flistance 
from  the  sea,  and  not  at  the  head  waters,  as  in  the  case  of  the  Sockeye  and  the  Spring 
Salmon.  The  eggs  hatch  in  three  months  and  the  .young  fry  wriggle  uj)  through  the 
gravel  early  in  April,  and  work  down  the  rivers  as  the  yolk  is  absorbed,  and  early  in 
May  many  are  near  the  mouth  of  their  natal  streams  and  creeks,  but  do  not  appear  to 
migrate  into  the  sea  until  the  following  iNfai’ch,  or  even  later.  The  alevins  measui’e 
l.J  inches;  but  when  they  are  about  to  enter  salt  water  (nearly  a year  old),  they 
measure  2 to  inches  about;  and  eight  or  nine  months  later  are  10  to  12  inches  long 
and  of  a weight  of  12  to  14  ounces.  When  2^  years  old  or  thereabout,  they  may  be 
3|  to  IGi  pounds  in  weight,  and  from  18  to  31  inches  long,  so  great  is  the  variation 
in  growth.  They  are  now  mature  and  make  tlie  short  ascent  to  their  spawning  grounds. 

Dr.  Fraser  proves  that  the  opinion,  which  has  been  frequently  expressed,  that  coho 
live  for  two  or  three  years  in  rivers  feeding  on  trout  is  absurd,  and  the  reverse  is 
much  nearer  the  truth,  for  trout  gorge  themselves  with  coho  eggs  and  devour  the  fry 
mercilessly.  The  Dolly  Varden  trout  (S.  mahna)  is  the  chief  culprit.  The  mature 
coho  feed  actively  until  ready  to  ascend  for  spawning  purposes;  the  shrimp-like 
Schizopods  being  their  main  food,  but  larval  crabs,  young  herring,  launce,  and  capelin, 
form  also  part  of  their  diet.  Dr.  Fraser’s  investigations  correct  the  conclusions  of 
previous  workers  as  to  the  migrations  and  development  of  the  coho,  and  three  points, 
with  which  his  report  concludes,  are  of  the  highest  interest  to  practical  fish-culturists, 
viz.,  that  the  hatching  of  coho  in  fish-culture  establishments  is  most  desirable  to  avoid 
the  wastage  due  to  trout-depredations;  and,  secondly,  that  the  retention  of  coho  fry 
ill  rearing  ponds  must  bring  the  best  results,  as  almost  the  whole  of  the  fry  hatched 
naturally  remain  for  a year  or  more  in  fresh  water  before  descending  to  the  sea. 
Lastly,  early  coho  fishing  operations  are  a loss  to  the  fishermen  and  the  canners,  as  the 
coho  vastly  increases  in  weight  during  the  summer  of  its  third  year. 

5.  Investigation  of  Oyster  Propagation  in  Kiciimond  Bay,  P.E.I.,  during  1915. — 

(Dr.  Julius  Nelson.) 

The  author,  who  was  long  prominent  as  a State  Expert  in  New  Jersey,  U.S.A., 
agreed  to  carry  on  some  special  work  in  1915  on  the  Richmond  Bay  Oyster  Beds, 
P.E.I.,  and  obtained  some  very  remarkable  results.  These  are  difficult  to  epitomise 
owing  to  the  very  detailed  nature  of  the  investigation.  The  decline  and  extinction  of 
certain  areas  are  due  not  to  the  elevation  of  the  beds,  geologically,  or  by  annual  accu- 
mulations of  debris,  but  to  other  causes.  If  the  coast  has  been  sinking,  as  seems  prob- 
able, the  intrusion  of  colder  northern  water  may  have  lowered  the  temperature  and 
tlie  salinity  may  have  been  affected.  Too  much  stress,  says  the  author,  has  been  prob- 
ably laid  on  salinity,  for  oysters  can  endure  much  variation  in  that  respect;  but 
temperature,  oxygen,  and  currents,  are  of  importance. 

Ice  and  snow  also  are  unfavourable.  Shallow  water  is  favourable  for  propagation ; 
but,  in  winter,  results  in  oyster  destruction;  hence  man  can  aid  by  oyster  culture, 
especially  by  transplanting  young  oysters  from  shallow  flats  to  deeper  water,  before 
winter  comes.  The  main  cause  of  destruction  of  beds  has  been  improper  fishing. 
Were  private  culture  general  each  man  would  conserve  the  oysters,  and  fish  them 
properly. 

Dr.  Nelson  calls  attention  to  the  fact  that  a large  spawning  oyster  pi-oduces 
annually  00,000,000  eggs,  and  he  estimates  that  an  oyster  bed  readily  produces  ten  to 
fifteen  millions  of  young  for  each  adult  present.  In  five  years  a bed  should  be  ten 
million  times  larger ; yet  beds  are  decreasing  and  decaying. 
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Unfavourable  causes  are  noticed,  viz.: — (1)  Eggs  must  be  fertilized  within  a 
quarter  of  an  hour  of  ejection  to  undergo  normal  development;  (iJ)  I’lggs  may  be  i»re- 
\ented  from  settling  by  agitation  in  the  water;  (3)  Floating  enemies  such  as  water- 
lleas,  and  the  young  of  other  shellfish,  devour  them;  (4)  Owing  to  the  sweeping  of  the 
tide,  twice  daily,  myriads  of  oyster  fry  are  lost;  (5)  Slime,  silt,  etc.,  prevent  the 
fixation  of  the  spat  to  dead  shells  and  other  “cultch”;  (0)  Boring  sea-snails,  starfish, 
bottom  fishes,  etc.,  devour  the  oysters,  and,  lastly,  man  himself  destroys  them. 
Systematic  plans  of  conserving  oyster  beds  are  then  detailed,  and  the  necessity  of 
oyster  leases  urged.  The  methods  adopted  for  testing  the  special  areas  examined  in 
Richmond  flay  are  described,  and  the  numbers  of  oyster  larvae  obtained  in  definite 
cubic  quantities  of  water.  The  maximum  found  was  two  young  oysters  to  one  quart 
of  water  in  Grand  liiver.  This  small  yield  is  contrasted  with  the  ijrofusion  of  oysters 
on  more  southerly  areas  as  in  New  Jersey,  where  several  hundred  young  oysters  per 
quart  of  water  was  very  usual.  Some  oysters  shed  their  eggs  towards  the  end  of  July, 
l)ut  the  date  varied  in  different  localities,  fry  ten  days  old  being  got  on  August  5th, 
but  it  continued  until  September,  some  oysters  becoming  fixed  spat  as  late  as  Septem- 
ber 16th  or  18th. 

To  prevent  the  formation  of  bacterial  slime,  a number  of  shells  were  coated  with 
coal  tar,  as  a fine  catch  of  spat  had  fastened  on  the  tarred  bottom  of  a boat  the  previous 
season.  The  result  showed  only  two-fifths  as  many  fixed  young  as  on  the  uncoated 
clean  oyster  shell.  The  smooth  and  the  rough  side  were  equal  in  results,  and  the  left 
\alve  attracted  twice  as  many  as  the  right  valve,  though  in  gaping  empty  oyster  shells, 
lying  naturally  on  the  bottom,  the  right  valve  always  secures  more  spat.  Further 
experiments  are  desirable,  especially  with  cultch  coated  with  a cement  composed  of 
equal  parts  of  lime,  sand,  and  cement,  as  used  on  European  oyster  beds.  Dr.  Nelson’s 
conclusion  is  that  8,000  acres  might  be  made  productive  in  Richmond  Bay,  which 
covers  32,000  acres,  and  that  a million  bushels  per  annum  could  be  produced  were 
rational  scientific  methods  adopted. 

C.  The  M.\rine  Algae  of  the  Passamaquoddy  Region,  N.B. — (Mr.  A.  B.  Klugh,  M.A.) 

!Mr.  Klugh  covers  in  his  paper  the  area  from  St.  Stephen,  at  the  head  of  naviga- 
tion on  the  St.  Croix  River,  to  Grand  IVIanan,  and  notes  that  the  algal  flora  is  boreal, 
but  shows  a marked  “ inside  ” or  mainland  shore  division,  and  an  “ outside  ” division 
comprising  the  shores  of  what  are  called  the  West  Isles,  and  due  doubtless  to  the 
diflference  in  salinity.  The  “outside”  waters  have  a specific  gravity  of  1-0235  to 
1-0242,  and  salt  content  of  3-201  to  3-280,  as  compared  with  the  “inside”  waters 
where  the  figures  are — specific  gravity  1-0226  to  1 0235,  and  salts  2-99  to  3-202,  as 
klr.  Copeland  found.  Of  the  Cyanophycese  Mr.  Klugh  names  twelve  species;  the 
Chlorophycea;  24  species;  the  Phaeophyceie  23  species;  and  the  Rhodophyceae  26 
species. 

The  features  of  the  shores  are  shown  in  views  on  Plate  viii,  the  gigantic  Laminaria 
longicruris,  the  largest  alga  in  this  region,  is  well  shown  in  a photo-figure,  the  specimen 
selected  being  five  feet  ten  inches  long,  with  a stipe  9 feet  long.  Dermocarpa  prasina, 
and  four  other  species  of  Cyanophyceae,  are  recorded  by  the  author  for  the  first  time 
in  Canada.  The  habitat,  and  other  interesting  notes  are  given. 

7.  Serially  Striped  Haddock  in  New  Brunswick. — (Professor  Prince.) 

Specimens  of  haddock  with  four  to  six  transverse  black  stripes  are  frequently 
Irought  to  the  Biological  Station,  and  the  author  compares  them  with  other  species 
showing  metameric  bars,  in  post-larval  or  older  stages,  and  he  concludes  that  they  are 
ancestral  in  significance,  and  not  protective  or  illustrative  of  mimicry  and  the  like. 
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8.  Notes  ox  the  1’hyto-Peanktox  of  the  Bay  of  Funhy  and  Passamaquoduy  Bay. — 

(Professor  Bailey.) 

Professor  Bailey  eontinues  his  lal>orious  studies  of  the  microscopic  plant-life  of 
our  Atlantic  waters,  lie  determines  the  species  in  gatherings  made  in  successive 
months  of  the  year,  December  excepted,  and  adds  a list  of  diatoms  .secured  in  tow- 
nettings  made  by  the  Prince,  the  biological  vessel  belonging  to  the  station  at  St. 
Andrews.  He  points  out  that  non-plankton ic  species  are  frequently  met  with  amongst 
neritic  species  seeured  far  from  shore,  and  the  distinction  is  often,  therefore,  ill-defined. 
The  gatherings  in  various  months  differ  greatly,  for  while  in  January  under  twenty 
species  were  determined  in  the  gatherings  from  St.  Andrews  to  St.  John,  in  August 
nearly  eighty  species  were  found.  The  Prince  collections  are  similarly  detailed,  and 
interesting  notes  added  including  reference  to  a species  of  Thalassiothrix  which  is 
probably  new  to  science. 

9.  The  Geological  Features  of  the  St.  Croix  Iliver  .\xd  Passamaquoddy  Bay. — 

(Professor  Bailey.) 

In  response  to  a suggestion  made  to  Professor  Bailey,  he  has  prepared  a condensed 
account  of  the  geology  of  the  site  of  the  St.  Andrews  station  and  its  environment. 
The  Upper  Devonian  rocks  of  red  sandstones  and  conglomerates  of  the  St.  Andrews 
peninsula  contrast  with  the  granites  of  the  Maine  shore  opposite  and  of  Dochet  island 
above  the  station,  and  the  Silurian  strata  extending  from  lake  Utopia  and  St.  George  to 
Oak  bay,  both  sides  of  the  entrance  and  both  sides  of  Waweig  inlet.  The  interesting 
features,  largely  Pre-Cambrian  probably,  of  the  Western  Isles  are  also  indicated  in  the 
paper. 
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THE  WINTER  PLANKTON  IN  THE  NEIGHBOURHOOD  OF  ST.  ANDREWS, 

1914-15. 

By  Professor  J.  Playfair  ]McAIurricii^  M.A.,  Ph.D.,  Professor  of  xVnatomy  in  the 

University  of  Toronto. 

With  the  object  of  determining  the  general  character  of  the  winter  plankton  in 
the  vicinity  of  the  Biological  Station,  St.  Andrews,  N.B.,  the  caretaker  of  the  station, 
A.  B.  Calder,  was  instructed  to  make  collections  of  the  plankton  during  the  winter  of 
1914-15,  and  to  preserve  the  material  collected  in  formalin.  Collections  were  con- 
sequently made  at  frequent  intervals  from  the  latter  part  of  September,  1914,  until 
the  end  of  May,  1915,  and  in  what  follows,  the  results  of  a Qualitative 
study  of  the  collections  are  given.  Acknowledgment  must  be  made  of  the  conscientious 
manner  in  which  Calder  fulfilled  the  task  with  which  he  was  entrusted,  th«  collec- 
tions having  been  made  with  sufficient  frequency  to  give  an  excellent  idea  of  the 
character  of  the  winter  plankton,  and  the  material  being  well  preserved.  Two 
collections  were  taken  at  each  station  in  the  majority  of  cases,  one  at  the  surface 
and  one  at  a depth  of  about  6 metres  (3  fathoms),  and  at  each  station  the  tempera- 
ture of  both  the  air  and  the  surface-water  was  taken,  and  the  condition  of  the  tide 
noted.  The  only  misfortune  that  occurred  was  the  loss  of  the  labels  of  some  of  the 
collections,  chiefly  of  those  made  in  the  early  autumn,  so  that  these  collections  cannot 
be  included  in  the  table  which  forms  an  appendix  to  this  report.  Their  omission,  how- 
ever, does  not  modify  the  qualitative  character  of  the  plankton  as  shown  by  the  remain- 
ing collections. 

In  studying  the  collections,  the  volume  of  the  material  contained  in  each  one  was 
measured,  and  since  nets  of  the  same  mesh  were  used  throughout  and  the  time  of 
the  towing  was  the  same,  i.e.,  twenty  minutes  for  each  collection,  the  amounts 
obtained  indicate  approximately  the  relative  abundance  of  the  plankton  in  the  different 
gatherings  of  the  series.  Obviously,  however,  they  furnish  no  indication  of  the 
absolute  amount  of  material  present  in  the  water  of  Passamoquoddy  bay,  since  no 
data  were  available  as  to  the  volume  of  water  filtered  through  the  nets  during  the 
towing.  So  many  factors,  uncontrollable  in  the  series  of  collections  under  con- 
sideration, enter  into  the  question  of  the  determination  of  the  absolute  plankton 
volume,  that  it  did  not  seem  worth  while  to  attempt  an  estimation  of  the  volume  of 
water  filtered  by  the  nets.  The  amounts  obtained  have,  therefore,  only  a relative 
interest.  One  feature  is,  however,  shown  very  clearly  by  the  figures,  namely,  that  with 
rare  exceptions  the  collections  from  the  6-metre  level  were  considerably  larger  than 
those  from  the  surface.  This  may  or  may  not  have  a bearing  in  the  distribution  of 
the  plankton,  since  the  conditions  under  which  the  collections  at  the  two  levels  were 
made  were  not  quite  identical,  the  surface  collections  having  been  made  with  a net 
of  finer  mesh  than  that  used  at  the  6-metre  level.  The  greater  fineness  of  the  sur- 
face net  may  have  caused  so  much  diminution  of  flow  through  it,  that  much  less 
water  was  actually  filtered  by  it  than  by  the  3-fathom  net,  in  which  case  a less 
amount  of  plankton,  even  though  its  distribution  were  uniform  at  both  levels,  would 
be  expected  in  the  surface  collection.  In  future  series  the  conditions  for  the  gather- 
ings at  the  two  levels  will  be  made  more  uniform,  and  it  is  hoped  that  a definite 
result  will  be  obtained  as  to  this  question  of  distribution. 

Samples  were  taken  of  each  collection  and,  so  far  as  possible,  the  various  forms 
observed  in  each  were  identified  and  recorded,  an  attempt  being  made  to  indicate 
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the  relative  abundance  of  each  form  by  estimating  the  frequency  with  which  it 
occurred.  Four  classes  of  frequency  were  recognized  and  termed  abundant,  frequent, 
occasional,  and  rare,  the  last  being  employed  when  only  one  or  two  examples  of  a 
form  were  found  in  a sample,  the  other  terms  explaining  themselves  in  a general 
way  on  this  basis.  In  the  table  these  terms  have,  for  convenience,  been  indicated 
by  the  numbers  4-1,  4 standing  for  abundant,  for  fre(]uent,  etc.  Seasonal  variations 
in  the  character  of  the  idankton  are  revealed  in  this  way,  and  a few  remarks  may  be 
made  upon  these  variations  and  on  various  forms  occurring  in  the  collection  so  far 
as  they  have  been  certainly  identified. 

THE  PIIYTOPLANKTO.V. 

Less  attention  was  given  to  the  phyto-  than  to  the  zooplankton,  partly  on  account 
of  the  inaccessibility  of  the  literature  necessary  for  the  identification  of  the  forms, 
and  partly  because  the  Diatoms  which  form  a major  portion  of  it  have  already  been 
discussed  by  Bailey.'  The  form  occurring  with  the  greatest  constancy  is  the  diatom 
Coscinodiscus,  which  is  absent  from  but  a few  of  the  collections  throughout  the 
entire  period  which  they  represent.  With  the  onset  of  spring,  however,  it  becomes 
somewhat  more  abundant  than  in  the  winter  months,  behaving  in  this  respect  like 
other  members  of  the  phyto-plankton.  Four  different  forms  of  the  genus  have  been 
recognized,  which,  with  the  aid  of  Rattray’s  Monograph^  and  such  other  literature 
as  was  accessible,  have  been  identified  as  C.  radiatus  Ehr.,  C.  concinnus  W.  Sm.,  C. 
centralis  Rattray,  and  C.  fasciculatus  O’Me.  The  first  three  species  have  already  been 
recorded  by  Bailey,  and  may  be  distinguished  from  one  another  and  from  C.  fascicu- 
latus by  C.  radiatus  being  the  smallest,  and  having  distinctly  coarser  markings  and 
no  central  rosette  or  space;  by  C.  centralis  having  a central  rosette,  but  no  signs  of 
fasciculation  of  the  markings  at  the  periphery,  near  which  are  situated  asymmetric- 
ally two  apiculi;  by  C.  concinnus  having  a central  rosette,  much  finer  markings  than 
either  of  the  others,  these  markings  showing  indications  of  fasciculation  towards  the 
periphery,  and  each  fasciculating  line  terminating  there  in  a minute  apiculus;  and 
by  C.  fasciculatus  having  a central  space,  and  the  markings  arranged  in  fasciculi, 
each  of  about  nine  radial  rows,  the  central  one  of  which  alone  reaches  the  central 
space,  the  others  terminating  at  successively  greater  distances  from  it. 

Next  in  order  of  constancy  to  Coscinodiscus,  though  falling  much  behind  it, 
was  Biddulphia,  the  most  frequently  occurring  species  being  B.  aurita  Lyngb.,  although 
a much  larger  form  with  small  scattered  chloroplasts,  probably  B.  mobiliensis  Grun, 
was  also  observed  in  several  gatherings.  From  October,  until  about  the  end  of 
February,  Biddulphia  was  rare  or  absent  from  the  collections,  but  throughout  starch 
and  April  it  was  of  frequent  occurrence,  diminishing  again  rapidly  in  May.  Its 
seasonable  distribution  was,  therefore,  similar  to  that  of  Coscinodiscus,  except  that 
the  latter  is  more  frequently  present  throughout  the  winter  months,  reaching  a maxi- 
mum frequency  in  !March  and  April. 

Examples  of  Chaetoceras  occurred  at  rare  intervals  throughout  the  winter, 
becoming  more  numerous  and  more  constant  in  April,  and,  it  may  also  be  noted, 
occurring  most  frequently  in  the  surface  collections,  only  having  been  observed  in 
two  occasions  in  those  of  the  6-metre  level.  At  least  four  or  five  different  species 
were  observed,  all  belonging  to  Gran’s  sub-genus  Ilyalochaeta!' 

1 L.  W.  Bailey.  Some  recent  Diatoms,  fresh-water  and  marine,  from  the  vicinity  of  the 
Biological  Station,  St.  Andrews,  X.B.,  August  20-30,  1909.  Contributions  to  Canadian  Biology, 
1906-10.  Ottawa,  1912. 

L.  W.  Bai’.ey.  The  Plankton  Diatoms  of  the  Bay  of  Fundy.  Contributions  to  Canadian 
Biology,  1911-14.  Ottawa,  1915. 

2 J.  Rattray.  A Revision  of  the  Genus  Coscinodiscus  and  some  Ailied  Genera.  Hioc.  Rcy. 
Soc  Edinburgh,  xvi,  1899. 

8 H.  H.  Gran.  Protophyta  in  Norwegian  North-Atlantic  Expedition,  vii,  1897. 
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The  most  frequent  form  was  what  seemed  to  bo  C.  laciniosum  Schiitt  with  a single 
chromatophore,  the  foramina  slightly  constricted  at  the  middle,  and  the  terminal 
setaj  marked  by  a delicate  spiral  line  most  easily  seen  in  dried  samples;  spores  were 
not  observed.  Somewhat  less  frequent  was  a spirally  coiled  form  which  seemed  to 
he  C.  curviseium  Cleve,  with  a single  chromatophore  adjacent  to  the  front  of  each 
frustiile.  C.  decipiens  Cleve  was  still  rarer,  but  readily  distinguished  from  the  others 
by  its  coarser  setae  and  the  occurrence  of  four  to  six  chromatophores,  and  a single 
example  of  a form  with  numerous  scattered  chromatophores,  thus  resembling  C.  teres 
Cleve,  and  another  with  two  chromatophores  adjacent  to  the  ends  of  the  frustule  (C. 
consti-ictum  Gran.?)  were  also  observed. 

An  interesting  seasonal  distribution  was  shown  by  Thalassiosira  N ordenshjdldii 
Cleve.  Throughout  October,  November,  and  the  winter  months  this  species  did  not 
occur  in  the  collections,  but  on  l\farch  13  it  suddenly  appeared  in  considerable  quan- 
tities. It  was  again  taken  on  March  25  and  26,  though  not  in  any  great  numbers, 
but  on  April  4 it  formed  by  far  the  greater  bulk  of  the  plankton,  which  condition 
persisted  until  the  collections  ceased  at  the  end  of  May. 

Another  genus  that  showed  a distinct  maximum  of  occurrence  at  the  end  of 
March  and  the  beginning  of  April  was  Rhizosolenia,  so  far  at  least  as  its  most 
frequently  occurring  species,  E.  setigera  Brightwell,  was  concerned.  Pv.  styliformis 
Brightwell  was  also  observed,  but  only  in  one  collection,  and  another  form,  which 
seems  to  be  very  similar  to  R.  gracillima  Cleve  was  also  observed.  This  last  form 
was  observed  on  four  occasions,  October  16  and  20,  February  26  and  March  2,  and 
on  all  occasions  except  the  last  it  was  found  in  collections  made  at  the  6-metre  level, 
while  it  was  absent,  or  at  all  events  rare,  in  the  surface  collections  made  on  the  same 
dates  and  at  the  same  stations.  Whenever  found  it  was  in  great  numbers.  The 
frustules  were  long,  filiform,  without  any  sisriis  of  markings  except  a slight  depres- 
sion close  to  each  extremity,  and  were  filled  with  small,  scattered  oval  or  circular 
chromatophores.  The  longest  individuals  measured  as  much  as  2-2  mm.,  with  a 
diameter  of  0-0075  mm.,  and  the  great  majority  exceeded  1-0  mm.  in  length.  These 
measurements  greatly  exceed  those  given  by  Cleve^  in  the  description  of  the  species, 
hut  otherwise  the  agreement  is  close.  A species  of  Schizonema,  and  one  of  Fragilaria 
were  also  somewhat  more  abundant  in  the  early  spring  months,  and  examples  of 
other  genera  were  occasionally  observed,  but  no  attempt  was  made  to  determine  their 
exact  identity.  Of  the  genera  so  represented,  mention  may  he  made  of  Kavicnln, 
Rliabdonemn , Gomphonevia,  Bacillaria,  and  Campylodiscus. 

Of  occasional  occiirrence  also  were  certain  filamentous  algpe,  the  only  one  that 
was  identified  even  as  to  the  genus',  being  a species  of  Cladophora,  which,  like  many 
of  the  diatoms,  showed  a maximum  of  occurrence,  its  greatest  frequency  and  con- 
stancy being  in  the  early  part  of  April,  and  being  of  only  a few  days’  duration. 


DIXOFLAGELLATA. 


The  most  frequent  representative  of  this  group  was  the  well-known  Ceratium 
tripos  (O.  F.  M.)  Nitzsch,  C.  fusus  (Ehr)  Dujard.  also  occurring,  though  not  quite 
so  frequently,  and  C.  furca  (Ehr)  Dujard.  was  recognized  in  two  gatherings,  but 
only  in  very  small  numbers.  Of  the  genus  Peridinium,  P.  divergens  var.  reniforme 
Ehr.  (P.  depressum  Bailey)  was  found  occasionally,  and  was  the  only  member  of  the 
genus  recognized.  Dinophysis  norvegica  C.  and  L.  was  also  observed,  but  only  on  one 
occasion.  None  of  the  Dinoflagellates  occurred  in  such  numbers  as  be  important 
quantitative  constituents  of  the  plankton,  C.  tripos  only  on  one  occasion  being  in 
sufficient  quantity  to  be  regarded  as  frequent. 

1 P.  T.  Cleve.  On  some  new  and  little-known  diatoms.  K.  Svensk.  Vet.-Akad.  Handl,  xviiU 
No.  5,  1881. 
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PIMCOFI.AOELLATA. 

Of  this  group  only  one  form  was  observed,  Dislephfi7ius  speculum  (Ehr)  Stohr, 
and  this  only  on  three  occasions.  It  was  frequent  in  a gathering  from  the  6-metre 
level  on  ^farch  6,  but  on  the  other  two  occasions  it  was  rare  (October  20,  6-metres)  or 
occasional  (March  2,  surface). 


RIIIZOPODA. 

No  Radiolaria  were  observed.  These  forms  being  essentially  pelagic,  it  seems 
probable  that  they  would  only  rarely,  if  ever,  be  found  in  waters  so  remote  from  the 
open  sea  as  those  in  the  neighbourhood  of  St.  Andrews.  Foraminifera,  too,  were 
absent,  a single  Rotalia  being  the  only  one  observed,  and  that  in  a gathering  which 
contained  a good  deal  of  sand,  indicating  that  the  net  at  the  6-metre  level  had  come 
into  contact  with  the  bottom. 


Cl  LI  AT  A. 

In  addition  to  a Vorticellid  that  was  almost  invariably  found  attached  to  the 
Copepod  Acartia  clausiij  a number  of  ciliates  belonging  to  the  family  Tintinnodeae 
were  observed.  The  genus  Tintinnopsis  was  represented  by  at  least  three  species,  the 
most  frequent  of  which  was  T.  campanula  (Ehr)  Daday.  Examples  of  a form  which 
is  probably  to  be  regarded  as  a variety  of  this  were  found  on  one  occasion, 
their  peculiarity  being  that  they  tapered  aborally  much  more  rapidly  than  the 
typical  campanula,  thus  resembling  closely  the  form  figured  by  Rrandt^  in  his  -fig.  8, 
pi.  xxi.  A single  example  was  seen  of  T.  ventricosa  (C.  and  L.),  characterized  by  its 
somewhat  rotund  “ house,”  tapering  aborally  to  a blunt  point  and  with  the  mouth- 
opening greatly  constricted  by  a circular  prolongation,  which,  in  the  preserved 
example,  was  horizontal  in  position.  A third  form,  of  which  again  but  a single 
example  was  seen,  was  considerably  larger  than  the  others  and  had  an  almost  cylin- 
drical form,  enlarging  only  very  slightly  towards  the  mouth,  and  being  rounded 
aborally;  the  length  was  about  twice  the  breadth.  In  its  general  form  it  resembled 
closely  that  described  by  von  Daday-  as  T.  heroidea,  but  Brandt  does  not  consider 
this  identical  with  the  form  originally  so  named  by  Stein.  Among  the  siiecies 
described  by  Brandt  the  greatest  similarity  of  form  is  shoAvn  by  T.  sacculus,  but, 
'infortunately,  the  notes  and  drawing  made  of  the  St.  Andrews  form  are  insufficiently 
detailed  to  make  identification  with  this  certain. 

Of  occasional  occurrence,  and  in  one  gathering  (October  20)  almost  frequent, 
was  a species  of  Cyttarocylis,  whose  specific  identity  is  also  uncertain.  It  retembles 
C.  Ehrenhergi  (C.  and  L.)  Fol.  very  closely  in  its  general  form  and  in  the  fact  that 
the  cavity  of  the  ‘‘house”  is  not  continued  into  the  aboral  prolongation  This  latter 
structure,  however,  is  cylindrical  in  form,  showing  no  traces  of  the  three  flange-like 
ridges  which  Brandt  regards  as  characteristic  of  the  species,  although  these  are  not 
noted  by  other  writers.  The  surface  of  the  “ house  ” presents  a very  fine  reticula- 
tion and  has  a minutely  and  irregularly  corrugated  appearance,  most  pronounced  in 
the  aboral  prolongation.  Near  the  mouth  there  is  a narrow  circular  enlargement 
upon  which  follows  a thin  ring,  sometimes  single,  sometimes  partly  divided  into  two 
portions  by  a fine  line,  as  if  it  were  composed  of  a spiral  membrane  with  one  and  a 
half  turns.  The  free  edge  of  the  ring  or  sniral  is  nracticallv  smooth,  and  the  appear- 
ance presented  is  similar  to  that  described  and  figured  by  Jorgensen'  for  his 

1 K.  Brandt.  Die  Tlminnodeen.  Ergeb.  Plankton  Exped.,  Ill,  L,  a.,  1907. 

2 E.  von  Daday.  Monographic  der  Familie  der  Tintlnnodeen.  Mitth.  Zool.  Stat.  NeapeL. 
vii,  1887, 

3 E.  Jorgensen.  Ueber  die  Tintinnoden  der  Norweglscben  Westkilste.  Bergens  Mus.  Aarbog., 

1899. 


THE  WINTER  VLAN  ETON 


5 


SESSIONAL  PAPER  No.  38a 

C.  Ehrenhergi,  var.  suhannulata,.exo,e\-)t  that  the  turns  of  the  spiral  are  much  fewer. 
The  length  of  the  “house”  was  0-2G  to  0-34  mm.,  with  a diameter  at  the  mouth  of 
0.7  to  0-8. 

PORIFERA  AND  COELENTERA. 

What  were  taken  to  be  sponge  spicules  were  observed  in  a number  of  gatherings, 
usually  associated  with  annelid  seta?.  Their  occurrence  is  sufficiently  indicated  in 
the  table.  Of  Coelentera,  the  empty  cups  of  Campanularian  hydroids  were  occasionnally 
observed  associated  with  Crustacean  exuviae,  and  on  October  29  and  in  the  last  collec- 
tions that  were  made  (May  29)  a few  examples  of  Anthomedusae  were  observed,  but 
unfortunately  in  a condition  very  unfavourable  for  certain  determination. 

ECHINODERMATA. 

Throughout  the  winter,  no  representatives  of  this  group  were  taken,  but  at  the 
end  of  April  and  beginning  of  May  a few  Plutei  were  obtained  which  could  not  be 
satisfactorily  identified.  On  April  6,  a considerable  number  of  ova  in  various  stages 
of  segmentation  up  to  the  blastula  stage  were  found.  They  were  somewhat  opaque, 
and  inclosed  within  a thin  structureless  membrane.  They  were  taken  also  on  April 
10,  and  with  them  were  then  associated  larvse  which  could  be  recognized  as  belonging 
to  some  species  of  Holothurian.  The  general  appearance  of  the  ova  and  younger  larvae 
make  it  exceedingly  probable  that  they  were  younger  stages  in  the  development  of  the 
same  form.  The  larvae  continued  to  be  taken  through  April  and  May,  and  were  a 
quite  characteristic  feature  of  the  plankton  during  these  months. 

Two  Holothurians  occur  at  St.  Andrews  that  may  be  the  producers  of  these  ova, 
Cucumaria  frondosa  Gunner,  and  Lopliothuria  fahricii  (Dub  and  Ivor).  The  former 
is  the  more  common,  but  the  fact  that  the  ova  and  larvae  have,  when  alive,  the  same 
brilliant  scarlet  colour  that  makes  Lophothuria  fahricii  so  conspicuous,  suggests  that 
they  may  be  the  product  of  that  species. 

AXXELIDA,  NEMATODES,  ROTIFERS,  AND  CHAETOGNATHA. 

Examples  of  all  these  groups  were  observed,  but  never  in  such  numbers  that 
they  could  be  regarded  as  important  elements  of  the  plankton. 

Setae  of  various  forms  which  evidently  were  from  Annelids  were  found  in  fair 
numbers  in  several  gatherings  taken  after  March  1,  but  of  more  importance  was  the 
occurrence  of  Annelid  larvae  during  April  and  May,  never  in  any  great  numbers  in 
any  gathering,  but  sometimes  reaching  the  grade  of  frequency  indicated  in  the  table 
by  the  term  “ occasional.”  It  was  not  possible  to  identify  the  form  which  produced 
the  larvae,  but  from  their  general  appearance  it  seems  probable  that  they  represent  some 
Spionid  form. 

Small  Nematodes  were  occasionally  observed  in  small  numbers  in  the  spring 
gatherings,  but  no  attempt  was  made  to  identify  them.  The  same  remark  applies  to 
the  Rotifera,  which  were  much  rarer  than  might  have  been  expected.  Of  the  Chaetog- 
naths  the  only  form  identified  was  Sagitta  elegans  which  was  taken  January  1,  the 
identification  of  some  smaller  forms  taken  October  29  .remaining  uncertain. 

MOLLUSCA. 

A few  veligers  were  observed,  but  so  rarely  that  they  have  not  been  included  in 
the  table.  The  peculiar  egg-capsule,  probably  Molluscan,  having  the  shape  of  a broad- 
rimmed  hat,  which  Wright  described  from  Canso,  occurred  at  intervals  throughout 
the  season,  and  sometimes  in  considerable  numbers.  Most  frequently  only  the  brown 
empty  cases  were  found,  though  occasionally  those  containing  developing  ova  were 
obtained. 
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The  Crustacea  are  the  most  interesting  proup  represented  in  the  zoo-plankton, 
both  on  account  of  the  numher  of  species  represented,  and  for  the  fact  that,  in  the 
majority  of  gatherings,  they  form  the  greater  hulk  of  the  material.  Tt  will  be  con- 
venient to  consider  the  various  forms  observed  under  their  proper  orders 


Cladocera. 

Kepresentatives  of  this  order  \vere  found  much  lees  frequently  than  was  expected, 
occurring  in  any  considerable  numbers  in  only  one  gathering,  i.e.,  in  that  taken 
October  IG,  from  the  G-metre  level.  All  the  forms  observed  in  this  gathering  were 
representatives  of  the  species  Podon  polyphemoides  Leuckart. 


Copepoda. 

Forms  belonging  to  this  group  were  the  most  constant  constituents  of  the 

plankton,  being  found  in  every  gathering,  with  one  exception,  and  usually  in  con- 

siderable numbers.  It  is  noteworthy,  however,  that  in  the  spring  months  when 
Thalassiosira  became  a prominent  constituent  of  the  ])lankton,  the  Copepoda  became 
very  much  reduced  in  numbers.  At  least  this  was  the  case  so  far  as  the  surface 

■water  down  to  the  G-metre  level  was  concerned,  the  Thalassiosira  extending  to  that 

depth,  but  it  is  quite  likely  that  the  Copepoda  were  present  in  undiminished  numbers 
at  levels  beyond  those  occupied  by  the  alga.  The  diminution  of  the  Copepoda  in  the 
surface  ■water  coincidently  with  the  appearance  of  Thalassiosira  is  clearly  indicated 
in  the  table  if  one  compares  the  frequency  records  for  Acariia  clausi  and  the  diatom. 

Of  the  members  of  the  family  Calanidce,  special  interest  attaches  to  Galanus 
finmarchicus  (Gunner)  Boeck,  on  account  of  its  forming  so  important  a constituent 
of  the  plankton  of  northern  waters.  It  occurred  at  intervals  throughout  the  winter, 
but  never  in  any  great  quantity,  although  in  several  gatherings  it  was  present  in 
aufficient  numbers  to  deserve  the  term  “ frequent.”  It  is  to  be  noted,  however,  that 
the  plankton  now  under  discussion  was  collected  in  the  immediate  vicinity  of  St. 
Amdrews,  and  it  is  quite  probable  that  C.  finmarchicus  may  be  much  more  abundant 
in  more  open  water.  Herdman  in  1897^  found  it  very  abundant  in  the  gulf  of  St. 
Lawrence  and  in  the  Atlantic  off  the  entrance  to  the  straits  of  Belle  Isle,  and  my 
colleague.  Dr.  A.  G.  Huntsman,  obtained  it  in  large  numbers  in  rather  deep  water 
off  Eastport,  Me.,  and  off  Grand  Manan  in  September,  1915. 

The  much  larger  G.  hyperboreus  Kroyer  was  observed  in  only  one  gathering, 
and  then  only  as  a single  individual.  The  fact  of  its  occurrence  is,  however,  of 
interest  as  it  has  not  previously  been  recorded  from  Canadian  waters. 

A third  Calanid,  Pseudocalanus  elongatus  Boeck,  easily  recognized  by  the 
absence  of  the  fifth  pair  of  legs  in  the  female,  occurred  in  about  the  same  degree  of 
frequency  as  G.  finmarchicus. 

Of  the  family  Centropagida3,  the  genus  Eurytemora  furnished  two  representatives, 
E.  hirundoides  Nordquist  and  E.  herdmani,  Thompson  and  Scott.  Neither  was 
abundant  in  any  gathering,  but  both  occurred  at  intervals  throughout  the  season 
represented  by  the  collection,  and  were  occasionally  “ frequent.”  Temora  longi- 
cornis  (Miill)  Boeck  also  occurred  at  intervals  in  the  autumn  and  winter  until  the 
end  of  January,  after  which  it  was  not  observed.  On  the  last  date  on  which  it  was 
found  (January  27)  it  was  the  mof>t  abundant  constituent  of  the  plankton. 

It  is  the  family  Pontellidae,  however,  that  furnishes  the  most  characteristic 
feature  of  the  plankton  now  being  discussed,  the  form  concerned  being  Acartia 

i^W.  A.  Herdman.  On  the  plankton  collected  continuously  during  two  traverses  of  the  North 
Atlantic  in  the  summer  of  1897.  Trans.  Liverpool  Biol.  Soc.,  xil,  1898. 
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clausi  (liesbr.  A glance  at  the  table  will  show  that  this  species  occiirrccl  in  nearly 
every  gathering  throughout  the  season,  and  that  up  to  the  early  part  of  April  it  was 
almost  always  iu  ahundance.  Its  reduction  in  numbers  after  that  date  in  association 
with  the  appearance  of  Thalassiosira  has  already  been  commented  upon.  Another 
I’ontellid  observed  was  the  interesting  Torianus  discaudatus  (Thompson  and  Scott) 
Oiesbr.  It  was  taken  in  several  gatherings  made  during  the  autumn  and  early 
winter,  but  after  December  it  was  not  again  noted  until  the  end  of  ^lay.  In  con- 
nection with  this  form,  it  may  he  noted  that  Giesbrecht  and  SchmeiT  quefetion  the 
correctness  of  Thompson  and  Scott’s  original  description  of  the  endopodite  of  the 
first  pair  of  legs  being  three-jointed.  There  is  no  doubt,  however,  that  the  original 
descrii)tion  is  quite  correct,  discaudatus  differing  from  other  members  of  the  genus 
in  this  respect. 

Of  the  CyclopidfE,  Oithona  siniilis  Claus  was  the  only  form  observed,  and  that 
in  small  numbers  in  but  three  gatherings. 

The  ITarpacticidae  have  hitherto  received  but  scant  consideration  in  plankton 
lists,  partly,  no  doubt,  to  difficulties  inherent  in  their  identification.  The  excellent 
monograph  of  the  family  by  Sars’*  does  away  with  some  of  these  difficulties  and, 
with  its  aid,  it  has  been  possible  to  determine  the  occurrence  in  the  collections  of  a 
number  of  forms  hitherto  unrecorded  from  Canadian  waters.  The  most  frequent 
species  was  undoubtedly  Harfacticus  uniremis  Krbyer,  •which  is  readily  distin- 
guishable from  II.  chelifer  (Miillei''),  among  other  things  by  the  first  antennae  being 
nine-jointed  instead  of  eight-jointed,  and  by  the  inner  expansion  of  the  proximal 
joint  of  the  fifth  pair  of  legs  bearing  four  marginal  setae  instead  of  three.  H.  chelifer 
has  been  recorded  by  WrighC  as  occurring  at  Canso  and  also  by  Williams*  from 
Rhode  Island  waters,  where  II.  uniremis  was  also  found.  It  'is  possible  H. 
chelifer  also  occurs  at  St.  Andrews;  indeed,  certain  forms  were  identified  as  belong- 
ing to  that  species  when  the  fetudy  of  the  collection  was  begun,  but  the  identification 
was  made  with  insufficient  literature  and  before  access  was  obtained  to  Rars’  Mono- 
graph, and  opportunity  has  not  occurred  for  confirming  the  identification.  It  seems 
probable  that  it  was  erroneous  in  the  majority  of  cases. 

A second  (or  third)  species  of  Harpaciicus  was  one  which  closely  resembled 
that  described  by  Sars  as  II.  gracilis  Claus,  differing  from  H . uniremis  by  the  greater 
relative  shortness  of  the  terminal  portion  of  the  lir.st  antenna?  and  by  the  two  t-'rmin  1 
joints  of  the  endopodite  of  the  first  pair  of  legs  being  confluent. 

Two  species  of  Zaus  were  observed,  distinguishable  by  the  form  of  the  fifth  pair 
of  legs.  One  was  evidently  Z.  ahhreviatus  Sars.  hitherto  recorded  only  from  the 
coast  of  Norway  and  from  the  islands  north  of  Grinnell  Land;  the  other  apparently 
Z.  spinatus  Goodsir,  previously  known  from  the  eastern  coast  of  the  Atlantic  and 
from  the  Arctic  ocean.  Idya  furcata  (Baird)  was  also  occasionally  found.  It  is  a 
species  of  wdde  difetributinn,  and  has  been  recorded  from  Rhode  Island  by  Williams. 

A few  examples  of  Parathalestris  Jaclcsoni  (Scott)  Sars  were  also  observed,  a 
form  not  hitherto  recorded  from  the  Western  Atlantic,  a statement  also  true  for 
Ilalithalestris  Croni  (Kroyer)  a single  example  of  which  was  taken,  unmistakeable 
from  its  exceedingly  long  and  divergent  furcal  rami.° 

Cirrhipedia. 

A few  Cirrhipede  larvae  were  observed  in  one  of  the  October  collections  and 
again  on  February  20,  February  26,  and  March  2.  On  ]\farch  6,  they  were  present 

Giesbrecht  and  O.  Schmeil.  Copepoda  I.  Gymnoplea.  Das  Tierreich,  Lief.  6,  1898. 

2 G.  O.  Sars.  An  Account  of  the  Crustacea  of  Norway.  Vol.  V.  Bergen,  1911. 

3 R.  R.  Wright.  The  Plankton  of  Eastern  Nova  Scotia  Waters.  Contr.  to  Canadian  Biol., 
1902-5.  Ottawa,  1907. 

4 L.  W.  Williams.  Notes  on  the  Marine  Copepoda  of  Rhode  Island.  Amer  Nat.  xl,  1906. 

•’>  In  the  table  all  the  Harpacticidse  have  been  grouped  together  under  a single  heading,  since 

with  the  exception  of  H.  uniremis  they  were  of  very  occasional  occurrence  and  then  only  in  small 
numbers. 
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in  considerable  numbers  in  the  surface  plankton,  and  on  ^farch  20  they  became  very 
abundant,  and  continued  to  be  so,  with  some  occasional  diminutions,  until  April  21. 
The  ai)poarance  of  these  Balamis  larva*  in  lar^e  numbers  was,  accordinfrly,  coincident 
with  the  vernal  increase  of  the  phyto-plankton,  corresponding  almost  exactly  with 
the  increase  of  Biddulphia,  Coscinodiscvs  and  Fragilaria,  and  preceding  slightly 
that  of  Thalassiosira. 


Malacostraca. 

Of  the  remaining  groups  of  Crustacea,  relatively  few  representatives  were 
observed,  and  only  at  rare  intervals.  Two  examples  of  the  Schizopod  Thysano'essa 
inermis  (Sars)  Hansen  were  taken  January  1,  both  belonging  to  the  variety  Rhcda 
of  Hansen,  who  finds  intermediate  stages  between  the  forms  described  as  Rhoda 
inermis  and  Thysano'essa  neglecia  and  has  united  these  into  a single  species  with 
two  varieties.^ 

Zoeas  were  also  observed  on  various  occasions,  but  their  numbers  were  few,  and 
no  attempts  were  made  to  determine  the  species  represented  by  them. 

PROTOCHORDATA. 

Tunicate  larvae  and  Appendicularians  were  observed,  the  former  in  considerable 
numbers,  on  Xovember  11,  and  in  the  early  part  of  January,  the  latter  only  rarely  in 
October.  The  Appendicularians  were  not  in  a satisfactory  condition  for  exact  deter- 
mination, but  apparently  both  Fritillaria  and  Oikopleura  were  represented. 

PISCES. 

A few  pelagic  fish  eggs  were  taken  on  two  occasions,  April  21  and  May  13,  but 
it  was  not  possible  to  determine  their  source,  since  their  preservation  had  rendered 
them  almost  opaque.  A young  fish,  about  1 cm.  in  length  was  also  taken  on  April  21 
at  the  3-fathqm  level.  It  was  a young  example  of  Liparis  liparis  Linn,  and  had 
evidently  been  engaged  in  feeding  upon  plankton  Copepods,  one  of  which  was 
observed  within  its  jaws. 

This  fish,  with  its  suctorial  disk,  is  essentially  a bottom  form,  its  suctorial  disk 
being  an  adaptation  to  that  mode  of  life,  and  its  capture  in  a plankton-net  is  there- 
fore a matter  of  some  interest. 

Note. — A further  study  of  the  plankton  in  the  neighbourhood  of  St.  Andrews  during  the 
past  summer  has  revealed  errors  in  the  identification  of  two  of  the  forms  mentioned  above. 
That  which  was  doubtfully  regarded  as  Rhizosolenia  gracillima  proves  to  be  Thalassiothrix 
longissima  Cleve  and  Grunow,  while  the  forms  identified  as  Eurytemora  hirundoides  were  pro- 
bably merely  immature  examples  of  E.  herdmani.  This  latter  correction  is  based  upon  obser- 
vations kindly  communicated  by  my  friend,  Dr.  Arthur  Willey. 


1 See  H.  J.  Hansen.  The  Crustacea  Euphausiacea  of  the  United  States  National  Museum, 
xlvill,  1915. 
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DIATOMS  AND  LOBSTER  REARING. 

By  I’rof.  W.  T.  MacClement,  M.A.,  D.Sc.,  Queen’s  University,  Kingston. 

The  entirely  commendable  desire  to  increase  the  annual  crop  of  lobsters,  and  thus 
add  to  the  income  of  the  fishermen  as  well  as  to  the  supply  of  a delicious  sea  food, 
has  prompted  attempts  at  the  semi-domestication  of  the  lobster.  A creature  may  be 
said  to  be  domesticated  when  it  will  reach  full  size,  will  reproduce  freely,  and  will  live 
about  the  normal  life-time  of  its  kind,  in  the  artificial  conditions  furnished  by  man. 
We  are  as  yet  far  from  reaching  such  a desirable  state  of  affairs  in  our  relations  with 
the  lobster.  While  mature  female  lobsters,  captured  in  the  sea,  will  extrude  eggs 
freely  in  captivitv.  we  have  not  yet,  in  the  few  experiments  made,  so  closely  approxi- 
mated to  the  conditions  required  for  the  health  and  growth  of  young  lobsters,  as  to 
see  before  us  in  the  near  future  the  prospect  of  large  and  successful  lobster  gardens, 
maintained  by  the  amphibious  farmers  of  the  Maritime  Proyinces.  The  account  of 
the  experiments  inaugurated  by  the  Biological  Board  of  Canada  will  be  found  else- 
where.* With  only  one  factor  of  the  environment  of  the  lobsters  has  the  present 
writer  had  intimate  relations,  and  it  is  with  that  this  article  deals. 

1.  Actions  of  Lobster  Larv.«. 

For  several  days  after  they  are  hatched,  young  lobsters  show  a desire  to  occupy 
water  that  is  well  lighted.  They  crowd  to  the  lighted  side  of  a glass  vessel,  and  within 
a few  seconds  will  have  deserted  the  shaded  for  the  sunny  portion  of  the  water  in 
which  they  are  lyins:.  Otherwise  they  show  little  recognition  of  direction  in  their 
movements,  sinking  quietly  or  jerking  themselves  apparently  aimlessly  up  or  do\vn 
or  laterally  through  the  water,  often  with  their  backs  or  heads  downward,  and  with 
their  bristly  outer  leg-branches  constantly  vibrating.  Their  spasmodic  movements 
are  probably  the  result  of  various  stimuli  besides  that  of  light,  as  is  shown  by  the 
fact  that  they  seize  greedily  any  small  object  that  seems  likely  to  make  them  a satis- 
factory meal.  When  the  minute  lobsters  are  crowded  together,  this  edible  object  is 
quite  likely  to  be  another  lobster  of  the  same  brood.  The  stronger  of  the  two 
immediately  shows  how  fond  he  is  of  his  relative  by  eating  as  much  as  possible  of 
him  or  her.  Cannibalism  is  one  of  the  factors  always  to  be  kept  in  mind  in  connec- 
tion with  artificial  arrangements  for  rearing  the  lobster. 

WTiether  the  lobster  larvae  normally  seek  the  lighted  surface  layers  of  the  sea  in 
which  they  are  hatched  is  unknown,  as  few  of  them  have  been  captured  in  open 
waters,  and  very  little  is  known  of  the  details  of  their  lives  when  free.  Surface  layers 
may  or  may  not  be  their  natural  haunts,  but  all  attempts  at  rearing  the  young  lobsters 
have  been  made  in  well-lighted  and  somewhat  shallow  enclosures.  The  idea  is 
accepted  by  the  experimenters  that  the  young  lobsters  are  attracted  to  the  bright 
surface  waters,  that  there  they  are  visible  to  the  perpetually  hungry  larger  denizens  of 
the  ocean,  such  as  the  schools  of  herring  and  mackerel,  and  that  consequently  myriads 
of  the  lobster  larvae  are  devoured  before  they  have  learned  even  the  alphabet  of  self- 
defence.  After  they  have  moulted  a few  times,  four  or  five,  they  acquire  the  form  and 
features,  though  minute,  of  the  adult  lobster,  and  show  the  adult  habits  of  seeking 
concealment,  and  of  using  their  claws  as  weapons  of  defence.  Hence  it  is  believed 

* See  Professor  Knight’s  Report  on  Lobster  Sanctuaries  and  Hatching  Ponds.  Canadian 
Biology,  1914-1915.  Supp.  5th  Ann.  Rep.  Dep.  of  Naval  Service,  1916,  pp.  41-54. 
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desirable  to  protect  the  lobster  larva;  against  each  other,  against  hungry  alien  enemies, 
and  against  starvation,  until  they  show  at  least  some  signs  of  knowing  how  to  care 
for  themselves. 

I 

2.  Diatoms  on  Lobster  Larv.«. 

Well-lighted  waters  have  many  inhabitants,  notably  minute  plants,  and  some  of 
these  show  a tendency  to  attach  themselves  to  the  lobsterlings.  This  is  especially 
true  of  certain  forms  of  diatoms  which  normally  grow  attached  to  each  other  and 
to  larger  submerged  plants.  Mature  lobsters  confined  in  ponds  and  cars  become  the 
carriers  of  various  animal  and  plant  forms,  which  are  not  parasites  but  symbionts 
in  the  simplest  degree,  merely  borne  by  the  animal.  The  extent  of  the  plant  growth 
will  naturally  depend  on  the  sunlight  received  by  the  lobster,  copious  growths  of 
alga;  reaching  to  manj'  inches  in  length  developing  on  the  antenna;  and  other  appen- 
dages, even  on  the  eyes,  when  the  animal  has  been  confined  for  several  months  in 
shallow,  muddy  ponds.  When  such  lobsters  are  removed  to  clean  surroundings  they 
gradually  free  themselves  from  all  growths  within  their  reach.  Ordinarily  the 
moulting  process  will  completely  remove  all  the  effects  of  this  symbiotic  growth,  but 
instances  are  known  in  which  the  rhizoids  of  the  algae  have  penetrated  the  covering 
of  the  lobster’s  eyes,  and  moulting  left  the  creature  clean,  but  blind. 

The  extent  of  the  growth  of  diatoms  on  lobster  larvae  is  dependent  on  certain 
factors  of  which  the  three  most  important  seem  to  be:  (1)  The  amount  of  sunlight 
received,  (2)  the  extent  of  time  between  moults,  and  (3)  the  activity  or  inactivity 
of  the  lobsterlings.  We  have  direct  evidence  of  t\ie  truth  of  the  first  two  of  these, 
and  indirect  evidence  of  the  third.  During  the  summers  of  1914  and  1915  Dr.  A.  P. 
Knight,  for  the  Biological  Board  of  Canada,  has  carried  on  rearing  experiments  at 
Long  Beach,  Digby  county,  Nova  Scotia.  The  complete  description  of  these 
experiments  will  be  found  in  Dr.  Knight’s  reports  for  those  years.  The  opportunity 
given  the  writer  to  study  this  interesting  relationship  between  lobsters  and  diatoms 
was  due  to  the  kind  invitation  of  Dr.  Knight,  who  most  generously  placed  all  the 
Tesources  of  the  station  at  my  service. 

In  both  summers  the  lobster  larvae  were  loaded  with  a growth  of  diatoms  which 
became  so  great  as  to  cause  the  larvae  to  sink  to  the  bottom  of  the  boxes  in  which 
they  were  confined. 

There  they  rolled  about  in  the  current  caused  by  the  movement  of  the  stirring 
paddles,  but  were  soon  found  to  be  dead.  Their  destruction  was  probably  caused  by 
exhaustion,  and  by  starvation.  The  impeding  masses  of  diatnms  so  clogged  the 
mouth  parts  and  the  legs  as  to  prevent  the  larvae  from  securing  food. 

Similar  difficulties  were  experienced  by  United  States  experimenters  in  lobster 
rearing  at  Wickford,  lihode  Island,  the  diatom  infesting  the  larvae  there  being  Licmo- 
%‘hora  tincta  Grun.  During  the  summer  of  1914  the  lobster  larvae  in  Dr.  Knight’s 
care  at  Long  Beach,  Nova  Scotia,  were  destroyed  by  Synedra  investiens  W.  Sm., 
wliich  normally  grows  on  an  alga,  especially  on  Ectocarpus. . This  formed  almost 
the  entire  growth  observable  during  that  summer,  the  only  other  forms  present 
being  Cocconeis  scutellum  Ehr.  and  Lichmophora  Lynghyei  (Kutz)  Grun.,  and  these 
were  not  plentifid.  In  1915,  however,  it  was  the  last-named  species  which  took 
possession  of  the  larvae  and  reproduced  themselves  so  rapidly  as  to  prove  destructive. 
The  following  record  will  indicate  the  rate  at  which  they  became  troublesome  to  the 
young  lobsters.  The  figures  represent  only  approximations,  at,  in  all  probability 
some  diatoms  were  in  ix)sitions  where  they  could  not  be  seen.  The  lobster  larvae 
were  carefully  scrutinized  under  a microscope,  and  care  taken  to  make  the  counts  as 
accurate  as  possible. 
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August  2.  Lobster  larvee  2 hours  old No  diatoms. 

3.  “ “ 24  " 

“ 4.  “ “ 48  “ About  15  diatoms 

“ 5.  " “ 60  ” “ 75 

" 5.  “ “ 70  “ " 150 

•'  6.  “ " 96  “ Over  350 

7.  " “ 120  “ “ 500 

" 8.  “ “ 14  4 “ Masses  of  diatoms. 


3.  Importance  of  Diatoms  to  Fish. 

The  complete  dependence  of  animal  life  on  plant  life  is  recognized  by  all. 
Diatoms  are  probably  the  most  important  of  thofee  very  simple  plants  which  take  up 
inorganic  substances  from  water  and  air,  and  transform  these  by  the  aid  of  sunlight 
into  living  organic  matter. 

This  organic  matter  then  serves  as  the  chief  food  of  crustaceans  and  mollusks 
on  which  many  fish  live.  The  most  careful  study  of  aquatic  life  gives  to  diatoms 
the  proud  position  of  being  a large  part  of  the  fundamental  food  on  which  the  animal 
life  of  the  water  depends,  and  in  this  sense  the  expression  is  true  that  “All  fish  are 
diatoms.” 


4.  Structure  of  Diatoms. 

Diatoms  are  plants  of  the  simplest  kind,  that  is,  each  diatom  consists  of  but 
one  cell,  and  a cell  is  the  simplest  thing  that  can  be  recognized  as  alive.  The  greatest 
peculiarity  of  diatoms  is  the  fact  that  each  one  has  a skeleton  of  silica  which 
is  mostly  outside  the  plant,  and  therefore  might  be  called  a shell  or  case.  This  shell 
is  often  very  beautifully  marked  with  lines  of  nodules  or  of  depressions  or  of  both, 
and  these  markings  are  so  minute  that  they  were  long  thought  to  be  merely  grooves 
and  ridges.  Diatoms  may  well  be  compared  with  bacteria,  which  are  also  minute 
plants.  Diatoms  differ  from  bacteria  in  being  usually  very  much  larger,  in  having 
the  siliceous  shell,  and  in  having  chlorophyll.  This  latter  substance  enables  them 
to  use  the  sunlight  in  making  their  own  food,  while  bacteria,  lacking  chlorophyll, 
have  to  absorb  food  made  by  other  plants.  Bacteria  are  therefore  classed  with  that 
large  group  of  dependent  plants — the  fungi,  while  diatoms  rank  with  the  independent 
plants.  Diatoms  reproduce  in  much  the  same  way  as  do  bacteria,  that  is,  by  each 
mature  diatom  splitting  into  two  diatoms,  after  the  two  valves  of  the  shell  have  been 
pushed  apart  by  the  growing  protoplasm  within.  Two  new  valves  or  half-shells  are 
then  formed,  and  thus  each  new  diatom  has  one  old  valve  and  one  new  one  in  its 
shell.  This  splitting  process,  as  in  bacteria,  may  go  on  very  rapidly  if  food  and 
temperature  be  favourable,  and  it  will  result,  at  any  point,  in  doubling  the  numbers 
of  diatoms  many  times  in  a few  days'. 

In  form,  diatoms  are  exceedingly  various,  such  as  discoidal,  cylindrical,  spindle- 
shaped,  and  wedge-shaped.  Some  are  made  up  of  segments,  which  are  smooth  or 
siiiny,  and  variously  fastened  together;  some  form  long  ribbons  by  adhering  closely 
side  by  side;  others  occurs  in  gelatinous  tubes  in  which  the  individuals  are  closely 
packed.  The  majority  of  them  are  free  and  have  some  power  of  locomotion,  but 
some  grow  attached  to  larger  objects  by  gelatinous  adhesions  or  even  stalks.  Of 
- this  latter  sort  are  the  kinds  which  have  proven  so  prejudicial  to  the  growth  of  the 
young  lobsters. 
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Synedra  invest ierts  W.  Sm.,  is  cipar-shaped  or  sliphtly  spindle-shaped  when  seen 
from  the  front,  and  narrowly  rectanpular  in  side  view,  and  prows  in  clusters  which  are 
closely  attached  to  the  supportinp  object,  and  radiate  from  the  point  of  attachment. 
It  is  marked  by  cross  striations  which  number  about  nine  in  ten  microns. 


Fig.  1. 

Synedra  investiens  W.  Sni.  on  leg  of  lobster  larva. 


Fig.  2. 

Liemophora  Lyngbyei  (Kutz.)  Grim,  on  leg  bristles  of 
lobster  larva. 

Liemophora  Lyngbyei  (Kutz.)  Grun.  is  wedge-shaped  in  the  front  or 
valve  view,  and  club  or  paddle-shaped  when  seen  in  profile.  The  nucleus  in 
Liemophora  is  usually  visible  near  the  centre  of  the  cell,  which  is  generally  filled  com- 
pletely with  yellowish  granules.  The  markings  on  the  shell  are  delicate,  and  annear  as 
transverse  ridges  along  the  edges  of  the  valves,  varying  from  twelve  per  ten  microns 
near  the  base,  to  fifteen  near  the  upper  or  broad  end.  The  stalks  on  which  the  individ- 
uals grow  are  slender  and  colourless,  and  may  be  so  short  as  to  be  indistinguishable, 
or  may  reach  to  four  or  more  times  the  length  of  the  valves. 
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The  usual  habitat  of  Licmophora  is  the  surface  of  submerged  seaweeds,  especially 
Chorda  filum,  which  is  common  in  St.  Marys  bay  along  the  shore  near  Lone  Beach  nond. 
The  source  of  this  diatom  is  therefore  the  ocean  water  entering  the  pond  through  a 
pipe  at  every  high  tide.  It  has  also  been  found  attached  to  Copepods.  It  is  rather 


stalks. 

remarkable  that  during  the  summer  of  1914  Licmophora  formed  probably  less  than  1 
per  cent  of  the  diatoms  attached  to  the  lobster  larvae,  while  in  1915  it  formed  almost 
a pure  culture,  entirely  replacing  Synedra  investiens  of  the  preceding  year.  ]Mo  satis- 
factory reason  can  now  be  given  for  the  difference.  During  the  summer  of  1914  the 
rearing  boxes  occupied  a position  about  200  yards  from  their  location  in  1915.  The 
sea-water  surrounding  them  there  could  not,  as  in  1915,  enter  freely  through  a pipe 
reaching  to  the  sea,  but  filtered  through  a wide  sea-wall  of  boulders.  Until  we  know 
more  of  the  factors  affecting  the  growth  of  the  various  kinds  of  diatoms,  we  can 
merely  state  these  facts  without  relating  them  to  results. 

5.  Prevention  of  the  growth  of  diatoms. 

Two  methods  of  discouraging  or  preventing  the  development  of  the  diatoms  on  the 
lobster  larvae  were  briefly  tested.  One  was  the  use  of  copper  as  an  algicide,  and  the 
other  was  the  reduction  of  light  for  the  lobster  larvae.  Both  were  very  incomplete 
experiments,  but  the  facts  learned  will  be  of  service  in  future  attempts  at  control.  It 
has  long  been  known  that  copper  is  an  excellent  fungicide,  and  its  toxicity  toward  the 
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hipher  plants  such  as  danrlelions  and  wild  mustard,  is  of  importance  in  agriculture. 
Dr.  George  T.  !Moore  (D.  S.  A.  Plant  Industry  Bulletin  76,  issued  1905)  has  demon- 
strated the  practical  application  of  this  to  the  purification  of  water  supplies  containing 
ohjectionahle  algo'.  The  method  of  using  the  copper  is  to  dissolve  copper  sulphate  in 
the  water  to  the  extent  of  one  part  to  from  five  millions  to  twenty  millions  of  w'ater. 
This  dilution  served  to  kill  such  delicate  forms  as  those  producing  the  well  known 
water  bloom  of  August  and  September.  For  the  more  hardy  organisms  such  as  diatoms 
it  was  fouml  that  the  amount  of  copper  sulphate  required  was  as  high  as  one  part  or 
more  per  million  parts  of  water.  The  results  quoted  above  were  accepted  as  correct, 
and  the  effect  of  such  solutions  of  copper  sulphate  on  lobster  larvae  was  examined. 
Vigorous  larvae,  placed  in  fresh  sea-water  containing  one  part  copper  sulphate  per  mil- 
lion of  water,  all  died  within  three  and  a half  hours,  although  four-fifths  of  them  lived 
for  more  than  two  hours.  Another  lot  of  the  same  copper  sulphate  solution  was  diluted 
to  contain  one  part  of  copper  sulphate  in  two  million  parts  water.  In  this  the  larvae 
lived  more  than  four  hours,  but  all  were  dead  within  six  hours.  In  another  lot  of  the 
solution  diluted  until  there  was  only  one  part  copper  sulphate  in  three  millions  of 
water,  the  larvae  lived  but  little  longer. 


Fig.  4. 

Drawing  of  lobat^-r  larva  two  houri  after  hatching. 
No  diatoms  could  be  found  attached  to  it. 


Control  experiments,  exactly  similar  in  every  respect,  except  that  the  water  con- 
tained no  copper  sulphate,  w’ere  made  in  each  case,  the  lobster  larvae  remaining 
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healthy  and  active  for  several  days.  If,  as  stated,  diatoms  require  for  their  destruc- 
tion one  part  of  copper  sulphate  per  million,  it  is  clear  that  this  algicide  cannot  be 
used  in  sea-water  in  the  presence  of  lobster  larva?. 


Drawing  cif  lobster  larva,  twelve  days  old,  exposed 
to  sunlight  every  day.  These  larvae  were  all 
dead  by  the  fourteenth  day.  The  appendages 
are  loaded  with  diatoms. 

The  second  plan  of  control  gave  more  promising  results.  For  a plant  to  make 
its  own  food,  sunlight  is  necessary.  Diatoms,  being  independent  plants,  must  have 
sunlight  ill  order  to  make  satisfactory  growth.  Ten  thousand  larvae  in  one  rearing- 
box  were  exposed  to  the  light  as  usual,  while  a like  number  in  a neighbouring  box 
were  kept  shaded  by  a screen  of  canvas  painted  black,  and  placed  horizontally  over 
the  box,  within  about  6 inches  of  the  surface  of  the  water.  The  larvae  were  already 
four  days  old  when  the  shade  was  applied,  and  on  an  average  they  carried  between 
350  and  500  diatoms  each.  They  were  examined  after  forty-eight  hours  of  shading, 
and  an  improvement  in  their  condition  was  apparent.  Careful  counts  gave  an  average 
of  209  diatoms  on  each  larva.  Daily  examination  showed  a satisfactory  decrease  in 
the  number  of  diatoms.  These  shaded  larvae  began  moulting  at  the  end  of  nine  days, 
while  those  unshaded  did  not  moult  until  they  were  thirteen  days  old.  At  the  end  of 
twelve  days  the  shaded  larvae  were  active,  and  apparently  suffering  no  inconvenience 
from  the  few  diatoms  that  adhered  to  them.  This  was  in  striking  contrast  to  the 
larvae  which  had  not  been  shaded,  and  which  were  loaded  with  masses  of  diatoms  on 
every  appendage,  as  indicated  in  the  drawings. 
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Drawing  of  lobster  larva,  twelve  daj's  old,  cai'efully 
shaded  from  the  fourth  to  the  twelfth  day. 
These  larvae  moulted  on  the  ninth  day,  and 
show  the  swimmerets  and  the  serrations  on  the 
beak  which  are  the  marks  of  the  second  phase. 


6.  Diatoms  found  in  the  Eearing  Boxes. 

While  Licmophora  was  by  far  the  most  plentiful  diatom  on  the  lobster  larvae 
in  1915,  other  kinds  were  present  in  the  rearing  boxes,  and  occasionally  on  the  larvae. 
A few  ribbons  of  Fragillaria,  probably  hyalina  (Kutz)  Grun.,  were  found  with  the 
Licmophora,  adhering  to  the  bristly  appendages  of  the  larvae.  Others  collected  from 
the  stirring  paddle  or  from  the  bottom  are  named  below,  plentiful  in  about  the  order 
of  arrangement; — 

Amphora  coffaeformis  (Ag.)  Kutz. 

Cocconeis  scutellum  Ehr. 

Paralia  sulcata  Ehr. 

Rhahdonema  adriaticum  Kutz. 

Nitzschia  longissima  (Breb.)  Kalf.  var.  parva.  Van  H. 

Navicula  (Stauroneis)  spicula  TTickie. 

Melosira  nummuloidcs  (Bory)  Ag. 

Grammatophora  marina  (Lyng)  Kutz. 
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Nitzschia  dosterium  W.  Rm. 

Acnanthes  stihsessilis  Kutz. 

FragUavia  fenedrala  Grun. 

Amphora  quadrata  Brel). 

Synedra  affinis  Kutz. 

Coscinodiscus  excentricus  Ehr. 

Grammatophora  angulosa  Gruii. 

Chaetocpras  cinctum  Grun.  ( ?) 

Pleurosigma  affine  Grun. 

Nitzsdiia  panduriformis  var.  minor  Grun. 

Adhioptydnis  unddahis  Ehr. 

There  were  also  many  individuals  of  the  protozoan,  Peridinium  lenticulare  Elir. 

Scrapings  from  the  carapace  of  a mother  lobster,  from  which  larva?  were  hatched, 
gave  a few  diatoms,  but  the  plant  growth  on  the  creature  was  almost  entirely  Ecto- 
carpus,  the  diatoms  being  merely  entangled  in  this  alga. 

Liemophora  Lynghyei  (Kutz)  Grun. 

Cocconeis  scutdlum  Ehr. 

Grammatophora  marina  Grun. 

Scoliopleura  turnida  Grun. 

While  the  above  were  sufficiently  numerous  to  infect  the  larvae  with  diatoms, 
Liemophora  in  particular,  the  numbers  which  accumulated  on  the  larvae  could  not  be 
accounted  for  by  drifting  or  swimming  forme:  The  almost  pure  growth  of  Liemo- 

phora, its  firm  attachment  to  the  larvae,  and  the  increase  in  diatoms  day  by  day, 
when  exposed  to  sunlight,  all  point  to  their  rapid  reproduction  in  situ,  as  the  cause 
of  their  great  numbers.  Another  evidence  was  the  fact  that  the  plankton  net,  towed 
in  the  water  about  the  raft  which  supported  the  rearing  boxes,  collected  compara- 
tively few  Liemophora,  but  many  individuals  of  other  species.  The  species  named 
below  were  found  to  be  plentiful  in  about  the  order  they  are  named: — 

Chaetoeeras  deeipiens  Clave. 

Coeeoneis  scutellum  Ehr. 

Pleurosigma  elongatum. 

P.  angulatum  W.  Sm. 

Paralia  suleata  (Ehr.)  Clave. 

Fragillaria  hyalina  (Kutz)  Grun. 

Nitzsehia  longissima  (Breb)  Balfs. 

Chaetoeeros  diehaeta. 

Aetinoptyehus  undidaius  Kutz. 

Liemophora  Jjynghyei  (Kutz)  Grun. 

Amphora  quadrata  Breb. 

Attached  to  the  timbers  of  the  rafts,  and  to  thf>  ropes  by  which  the  structure  was 
anchored,  was  a thick  growth  of  Homoeeladia  eapitata  H.  L.  Sm.  Its  brown  masses 
showed  a definite  relatioiiiship  to  the  aerated  surface  waters,  being  entirely  lacking 
where  the  ropes  reached  down  a few  feet  from  the  free  atmosphere.  The  plankton 
net  collected  also  many  specimens  of  Peridinium  lentieulare  Ehr.  and  P.  reniforme, 
while  Ceratium  tripos  Kitsch,  was  not  rare,  and  the  Silico-flagellate,  Distephanua 
speculum  (Kpr.)  Haeckel,  was  common. 

Erom  the  waters  of  St.  iNfary’s  bay,  in  front  of  the  intake  pine  of  Long  Beach 
pond,  the  plankton-net  collected  a few  specimens  of  Liemophora  Lynghyei  (Kuntz) 
Grun,  but  the  catch  was  very  rich  in  the  common  Bay  of  Eiindy  forms: — 

3’8a— 2 
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Chaetoceras  decipiens  Cleve. 

C.  dichnefn. 

C.  eriophyllum  Cast. 

Rhizosolenia  styliformis  Bright. 

Coscinodiscus  concinnus  W.  Sm. 

Cocconeis  scufellum  Ehr. 

N'itzschia  longissima  (Breb)  Ealfs. 

Paralia  sulcata  (Ehr)  Cleve. 

Along  with  these  were  the  following  named  infufeorians  and  crustaceans : — 

Ceratium  tripos  Nitsch. 

Amphorella  suhulata  (Ehr)  Bad. 

Distephanus  speculum  (Ehr)  Haeckel. 

Ceratium  fusus. 

Tintinnopsis  campanula  (Ehr)  Dad. 

Calanus  finmarchicus  Gunner. 

Podon  intermedins  Bill. 

For  verification  of  the  determinations  of  several  species,  and  for  the  identifica- 
tion of  others,  the  writer  is  under  special  obligation  to  Dr.  Albert  Mann,  of  the 
United  States  National  Herbarium,  and  to  Dr.  A.  H.  MacKay,  Superintendent  of 
Education,  Halifax. 
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ON  THE  SCALES  OF  THE  SPRING  SALMON. 

By  C.  !McLean  Fraser^  Ph.F)..  Curator  Pacific  Coast  Biological  Station,  Departure 

Bay,  British  Columbia. 

A paper  on  “ Growth  of  the  spring  salmon  ” was  read  at  the  San  Francisco  meeting 
of  the  Pacific  Fisheries  Society,  August  9-11,  1915,  and  appears  in  the  proceedings 
of  that  meeting.  A more  detailed  analysis  of  the  data  on  which  it  was  based  and  of 
data  obtained  from  new  material,  is  here  presented. 

The  spring  salmon  (Oncorhynchus  tschawytscha),  otherwise  known  as  the  king, 
tyee,  chinook,  or  quinnat,  has  been  the  most  highly  favoured  for  investigation  of  all 
the  Pacific  Coast  species,  and  much  good  work  has  been  done  by  Butter,  Gilbert, 
Chamberlain,  and  others,  largely  in  connection  with  the  United  States  Bureau  of 
Fisheries.  By  means  of  long-continued  observations,  these  men  and  their  associates 
have  been  able  to  put  on  record  many  facts  concerning  the  life-history  of  this  valuable 
species.  In  this  instance,  some  additions,  obtained  by  the  methods  recently  made  use 
of  in  the  North  Sea  investigations  by  Hjort,  Dahl,  and  others,  are  offered.  McMurrich 
and  Gilbert  have  included  the  spring  salmon  in  the  species  of  which  the  age  at 
maturity  was  discussed.  Incidentally,  that  phase  of  the  study  of  scales  will  be  con- 
sidered in  connection  with  an  investigation  into  the  rate  of  growth,  and  its  bearing 
on  the  life-history  of  the  species. 

The  validity  of  the  conclusions  drawn  from  scale  study  depends  largely  on  the 
mterpretation  of  the  “ annual  rings  ” or  “ winter  checks.”  The  propriety  of  intro- 
ducing these  terms  has  been  seriously  questioned  by  many  who  have  failed  to  see  such 
a significance  in  the  portions  of  the  scale  under  discussion.  It  seemed  useless  to  go- 
on with  scale  investigation  unless  some  definite  assurance  could  be  obtained  on*  this 
point.  Two  species,  the  Pacific  herring  and  the  spring  salmon,  may  be  obtained 
throughout  the  year  in  the  strait  of  Georgia,  and  hence  these  offered  a basis  for 
information.  For  reasons  given  later,  the  spring  salmon  was  chosen  and  an  investiga- 
tion that  began  with  the  idea  of  personally  settling  the  “ winter  check  ” question  was 
enlarged  to  include  other  points  in  connection  with  the  life-history. 

THE  'Vinter  check.” 

There  is  no  disputing  the  fact  that  in  the  scales  of  some  species  of  fish  there  are 
areas  arranged  concentrically,  having  a different  appearance  to  the  remainder  of  the 
scale.  As  they  are  concentric  they  may  be  appropriately  called  “ rings.”  Under 
normal  conditions  of  growth  is  there  one  of  these  rings  formed  on  each  scale  during 
each  year? 

Einar  Lea  has  investigated  the  matter  in  the  case  of  the  North  Sea  herring,  and 
the  argument  he  advances  is  a convincing  one.^  By  examining  herring  of  the  same 
year  class,  caught  at  short  intervals  over  a considerable  period,  and  from  these  getting 
measurements,  he  concluded  that  the  somewhat  transparent  ring  on  the  scale  was 
formed  during  the  period  from  December  to  March,  the  main  growth  of  the  scale  or 
almost  the  entire  growth,  taking  place  during  the  other  months.  Though  this  ring  is 
annual  and  is  produced  during  the  winter  months,  his  evidence  shows  that  the  rate 
of  growth  is  not  primarily  dependent  on  temperature. 

1 A study  of  the  growth  of  herrings,  Publ.  de  Circonstance,  No.  61,  Conseil  Perm.  Inter,  pour 
I’Explor.  de  la  Mer,  1911. 
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In  the  scale  of  the  herrinpr  the  charaeteristic  markings,  the  elevated  lines,  run 
transversely  across  the  scale;  the  winter  check,  concentrically  placed,  consequently 
crosses  the  regular  lines  at  right  angles  laterally  hut  runs  nearly  parallel  with  them 
medially.  The  rings  are  narrow  and,  since  they  are  formed  at  the  margin  of  the 
scale,  it  is  impossible  to  tell  when  a ring  begins  or  when  it  ends,  with  any  degree  of 
accuracy.  Hence  Ix5a  had  to  resort  to  many  measurements  and  calculations  of  growth. 
Ilecause  of  this  difficulty  it  is  possible  to  get  scales  more  satisfactory  than  the 
lierring  scales,  and  it  is  for  this  reason  that  the  scales  of  the  spring  salmon  have 
been  taken  in  preference. 

The  characteristic  elevated  lines  on  the  salmon  scales  are  quite  different  from 
1 hose  on  the  herring  scales.  The  arrangement  is  concentric  around  a more  or  less  nearly 
circular  nucleus,  so  that  each  of  these  lines  form  rings,  or  rather  partial  rings,  as  few 
of  them  are  completed  on  the  exposed  portion  of  the  scale.  These  rings  are  wide  apart 
in  certain  areas,  while  in  other  areas  at  regular  intervals  they  are  quite  close  together. 
Corresponding  to  the  transparent  rings  on  the  herring  scale,  therefore,  there  are  narrow 
bands  of  closely  applied  rings.  The  term  “ annual  rings  ” must  have  a somewhat 
different  significance  in  the  two  cases,  although  the  cause  may  be  similar,  but  it  is 
possible  that  “ winter  check  ” can  be  applied  equally  well  to  each.  The  close  band  is 
80  much  wider  than  the  ring  in  the  herring  scale  that  it  is  easily  possible  in  the 
majority  of  cases  to  decide  when  it  begins  or  ends. 

As  previously  stated,  spring  salmon  are  to  be  obtained  in  the  strait  of  Georgia 
at  all  times  of  the  year,  and  hence,  in  all  probability,  some  of  them  at  least  remain  in 
the  strait  during  the  whole  period  of  their  existence  in  salt  water.  The  fall,  winter, 
and  spring,  1914-15,  were  particularly  favourable  for  getting  material.  As  there  was 
so  little  cold  or  stormy  weather  the  handline  fishermen  were  able  to  go  out  almost  every 
day,  seldom  doing  so  without  some  return  for  their  labours.  A number  of  men 
from  Departure  Bay  fished  throughout  the  season,  and  it  was  a simple  matter  to  obtain 
data  at  short  intervals.  The  majority  of  the  fish  examined  were  caught  by  Mr.  E. 
Webber,  who  made  special  effort  to  have  the  series  as  complete  as  possible.  The 
temiierature  data  were  obtained  from  daily  surface  readings  at  the  station,  and 
occasional  readings  at  depth. 

The  appearance  of  a year’s  growth  on  a salmon  scale  has  a much  closer  approxi- 
mation to  that  of  the  groAvth  dn  a twig  of  wood  than  that  of  the  herring  scale.  The 
area  of  distant  rings  corresponds  to  the  loose  texture  of  the  spring  and  summer 
growth  in  the  twig.  The  rings  get  closer  during  the  fall  until  there  is  a compact  band 
corresponding  to  the  winter  ring  in  the  wood.  It  was  to  the  time  that  the  compact 
band  made  its  appearance  that  special  attention  was  paid. 

In  the  scales  of  fish  caught  in  the  summer  time,  with  rare  exceptions,  there  is 
always  a wide  area  outside  of  any  compact  band,  hence  it  was  evident  that  this  close 
band  could  not  be  formed  at  that  time  of  the  year.  During  the  fall  a certain  amount 
of  retardation  was  indicated  since  the  lines  near  the  margin  were  closer  together. 
Later  the  beginning  of  the  more  compact  band  was  evident  in  some  scales,  then  in  all, 
.and  still  later  the  outer  limit  was  reached  and  the  distant  lines  appeared  once  more. 

In  all  scales  of  salmon  caught  from  January  6 to  March  17  there  was  indication 
of  the  check  in  growth  at  the  margin.  On  the  other  hand,  with  but  few  exceptions, 
no  scales  obtained  after  April  22  and  before  November  27  had  indication  of  retarda- 
tion at  the  margin.  From  IMarch  17  to  April  22  and  from  November  27  to  January  5 
some  show  retardation  at  the  margin  while  others  do  not,  this  being  true  even  in 
specimens  caught  on  the  same  day.  The  period  of  check  here  corresponds  so  exactly 
with  that  reported  by  Lea  for  the  herring  that  it  can  scarcely  be  considered  a mere 
coincidejice.  As  the  time  corresponds  in  general  to  the  winter  season,  the  term 
winter  check  ” is  not  inappropriate. 
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In  order  to  compare  the  temperatures  of  the  water  during  the  “ winter  check 
period  with  those  before  and  after,  a table  of  surface  temperatures  to  cover  the  month.s 
from  October  to  May,  inclusive,  is  given,  as  well  as  a table  showing  temperatures  at 
depth,  taken  at  inten'als  during  that  period.  The  surface  temperatures  were  taken 
at  the  station  landing  float,  and  the  deeper  temperatures  about  four  miles  out,  east 
of  Five  Finger  island,  that  being  the  nearest  point  at  which  water  over  100  fathoms 
could  be  reached.  The  surface  readings  were  taken  by  a Negretti  and  Zambra  deep- 
sea  thermometer  or  one  standardized  against  it  and  the  deep-water  temperatures  with  • 
a llichter  deep-sea  thermometer  in  connection  with  a Fettersen-Xansen  water-bottle. 


TABLE  I. 


Day. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Marcli. 

April. 

May. 

O 

O 

O 

0 

O 

O 

O 

O 

I 

11-8 

10-5 

7-4 

7-9 

6-9 

8-4 

9-4 

10-7 

9 

11-5 

10-5 

8-6 

8-0 

7-9 

7-6 

9-8 

no 

3 

111 

10-4 

7-6 

8-7 

7-4 

7 ■ 6 

9-0 

11-5 

4 

11-5 

100 

8-5 

7-3 

6-7 

7-5 

9-2 

11-6 

5 

11-8 

9-9 

7-6 

6-4 

7-3 

7*7 

9-4 

13-3 

6 

11-7 

9-7 

7*5 

6-3 

7-2 

7-6 

10-3 

J30 

12-3 

8-7 

7-7 

6-7 

7-9 

8-2 

10-4 

13-9 

8 

12-3 

9-2 

6-7 

7-4 

8-6 

7-7 

90 

13-3 

9 

12-7 

9-7 

7-9 

7*7 

8-4 

7-9 

9-8 

12-8 

10 

12-2 

9-1 

70 

7-0 

8-1 

8-1 

10-7 

12-2 

11 

11-6 

9-8 

6-3 

7-2 

7-3 

8-1 

9-9 

11-8 

12 

11-4 

9-0 

7-4 

8-2 

7-3 

8-2 

10-3 

11-6 

13 

10-8 

8-3 

7-0 

7-6 

7-7 

8-5 

10-3 

120 

14 

10’9 

8-5 

7-2 

7*7 

8-5 

8-7 

9-8 

121 

15 

11-6 

7-4 

7-4 

7-3 

6-6 

8-5 

10-9 

12-6 

16 • 

11-2 

8-3 

7-6 

7-2 

8-6 

8-2 

11-2 

131 

17 

10-5 

9-0 

6-3 

7-1 

8-5 

8-2 

11-7 

13-4 

18 

10-4 

8-2 

6-4 

7-2 

7-7 

80 

11-9 

13-7 

19 

100 

8-3 

6-7 

6-5 

7-4 

8-6 

11-7 

13S 

20 

100 

8-9 

6-5 

6-6 

6-7 

8-1 

10-5 

13-2 

21 

10-2 

9-2 

6-5 

O' 7 

7-2 

90 

10-6 

12-2 

22 

10-3 

9-4 

6-3 

6-2 

7-0 

9-7 

IM 

12S 

23 

10-8 

8-8 

7-1 

6-7 

7-4 

9-4 

10-8 

12-2 

24 

10-5 

8-9 

7-3 

5-6 

7-1 

9-7 

11-8 

12-1 

10-3 

8-9 

7-0 

61 

7-1 

9-7 

11-3 

12-7 

26 

10-7 

91 

7-2 

6-2 

71 

9-2 

111 

121 

27 

no 

8-8 

6-9 

6-9 

7-6 

100 

no 

12-4 

28 

10-9 

8-8 

7-0 

6-6 

8-5 

101 

10-8 

9-9 

29 

10-8 

8-6 

6-5 

6-9 

10-3 

10-6 

12-4 

30 

no 

7-3 

6-6 

6-6 

9-7 

10-6 

13-5 

31 

10-9 

7-0 

6-9 

90 

13-8 

Average 

111 

9-0 

7-2 

7-0 

7-4 

8-6 

10-5 

12 -.5 

Maximum 

12-7 

10-5 

8-6 

8-7- 

8-6 

10-3 

11-9 

13-9 

Minimum 

100 

7-3 

6-3 

5*6 

6-5 

7-5 

90 

9-9 

TABLE  II. 


lOOf. 

.50f. 

20f. 

lOf. 

5f. 

OfJ 

Sept.  9,  1914 

8-7 

8-8 

9-9 

10-5 

10-6 

14-2 

October  21 

9-1 

9-1 

9-4 

9-7 

100 

10-7 

December  8 

90 

9-2 

8-8 

8-6 

8-4 

7-6 

January  18,  1915 

9-0 

8-7 

7-8 

7-0 

6-9 

6-9 

February  26 

8-5 

8-5 

8-4 

8-0 

7-9 

8-0 

April  9 

8-4 

8-2 

8-3 

8-4 

8-6 

9-2 

May  17 

8-6 

8-4 

8-9 

9-2 

10-2 

13-6 

The  readings  are  all  Centigrade  readings. 
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It  will  be  seen  from  the  tables  that  dnrinp:  the  three  months,  December.  .Tannary 
and  February,  the  average  temperatures  differ  little,  but  are  lower  than  during  the 
other  months,  while  the  greater  portion  of  the  retardation  of  growth  takes  place  d iring 
January,  February,  and  March.  November,  during  which  there  was  no  evidence  of 
check  except  during  the  last  few  days,  was  colder,  on  the  average,  than  March,  and 
had  a lower  minimum.  October  was  almost  as  warm  as  April,  and  yet  retardation  is 
evident  on  occasion  almost  to  the  end  of  April.  There  are  only  4-1  degrees  of  differ- 
' ence  between  the  average  of  October  and  January,  and  only  2 degrees  between  the 
average  for  November  and  January.  There  may  be  that  much  difference  between  the 
temperature  at  the  surface  and  at  a depth  of  5 fathoms  fin  table  II  there  is  a difference 
of  3-6  degrees  shown  thus  for  September  9),  and  5 fathoms  would  certainly  not  be  too 
great  depth  for  a salmon  to  reach.  Doubtless  there  is  a maximum,  an  optimum  and  a 
minimum  temperature  for  growth,  but  it  is  scarcely  probable  that  if  the  optimum  is 
reached  at  13  or  14  degrees,  7 degrees  would  be  at  or  near  the  minimum,  and  if  it  were, 
8-6  degrees,  the  average  for  March,  should  be  far  enough  away  from  that  minimum  to 
show  a definite  increase  of  growth  instead  of  showing  a continuation  of  the  minimum. 

If  the  check  is  due  to  the  lowering  temperature,  one  would  naturally  expect  that 
the  change  should  take  place  in  all  of  the  fish  of  the  same  species  in  the  same  region  at 
or  near  the  same  time,  and  yet  some  have  close  rings  beginning  on  November  27, 
while  others  have  little  or  no  sign  of  them  on  January  5;  some  have  got  over  the  check 
on  March  17,  while  others  retain  it  on  April  22.  Between  these  dates  in  the  two  cases 
there  is  a period  of  time  equal  to  almost  half  of  the  time  during  which  all  show  retarda- 
tion. Again,  if  the  check  is  due  to  the  lowering  temperature,  all  in  the  same  vicinity 
should  have  checks  of  nearly  the  same  width,  but  instead  there  is  a great  variation  from 
one  or  two  rings  to  six  or  seven.  The  variation  occurs  in  the  individuals  in  one  year 
class  as  much  as  in  any  of  the  others,  and  after  the  first  year  is  over  the  individuals 
that  migrate  as  fry  are  affected  in  the  same  way  as  those  that  migrate  as  yearlings. 

Nothing  shows  better  the  entire  lack  of  relation  between  rate  of  growth  and  tem- 
perature than  the  graphs  for  each  for  the  entire  year.  In  making  a graph  for  the 
growth  rate,  the  average  percentage  of  the  total  growth  for  the  year  was  taken  for 
each  half-month.  As  the  new  growth  for  the  year  starts  about  April  1,  that  is  taken  for 
the  basis  of  calculation.  In  the  graph  for  water  temperature  (surface)  the  average 
for  each  half-month  was  taken  also.  The  graph  showing  the  percentage  of  the  year’s 
growth  completed  during  each  half-month  is  also  given. 

The  curves  for  growth  rate  and  temperature  are  so  unlike  that  they  are  scarcely 
comparable.  The  greatest  growth  rate  is  in  May,  the  highest  temperature  in  August, 
by  which  time  the  growth  rate  has  become  materially  reduced.  The  growth  curve  has 
a sharp  ascent  from  the  first  of  April  until  the  middle  of  May  and  a very  gradual 
descent  for  the  rest  of  the  year;  the  temperature  curve  has- a gradual  ascent  from 
January  until  August  and  a gradual  descent  for  the  rest  of  the  year.  Half  of  the 
total  growth  for  the  year  takes  place  during  April,  May  and  June,  before  the  tempera- 
ture has  nearly  reached  its  greatest  height.  During  the  next  two  and  a half  months 
another  quarter  is  added,  leaving  but  a quarter  for  the  next  six  and  a half  months,  but 
by  the  middle  of  September  the  temperature  has  decreased  very  little. 

It  may  be  remarked  here  that  there  is  no  indication  of  a total  cessation  of  growth 
during  January,  February,  and  March,  such  as  Lea  says  occurs  in  the  North  Sea  her- 
ring. The  growth  is  very  much  retarded  but  does  not  cease  entirely.  The  width  of 
the  winter  bands  shows  this  to  be  true. 

Taking  all  of  these  points  into  consideration,  it  can  scarcely  be  maintained  that 
temperature  has  any  very  definite  primary  effect  on  rate  of  growth. 

Tables  somewhat  similar  to  those  given  for  temperature  could  bei  given  for  den- 
sity or  salinity  during  the  same  period,  but  as  they  cover  ground  so  similar  it  does  not 
appear  to  be  necessary.  Suffice  it  to  say  that  there  seems  to  be  just  as  little  direct 
relation  between  salinity  (as  far  as  the  limits  in  the  waters  of  the  strait  of  Georgia  are 
concerned)  and  growth  rate,  as  there  is  between  temi')erature  and  growth  rate. 


SCALES  OF  THE  SPUING  SALMON 


25 


SESSIONAL  PAPER  No.  38a 

With  temperature  and  salinity  eliminated  as  primary  factors,  the  main  emphasis 
must  fall  on  the  only  other  known  variable  that  could  have  direct  hearing  on  the 
growth  of  fish,  viz.,  the  food  supply.  That  fish  do  not  differ  from  other  animals  in 
which  growth  is  accelerated  by  regular,  suitable  feeding,  is  shown  by  the  success  that 
attends  the  feeding  of  fresh-water  fish  in  ponds,  lakes,  and  streams.  On  the  other  hand 
fish,  like  other  animals,  cannot  maintain  normal  growth  if  food  is  lacking  or  is  insuffi- 
cient in  quantity  to  keep  the  various  processes  active.  Existence  may  be  continued 
for  some  time  under  such  conditions,  but  it  must  be  at  the  expense  of  the  nourishment 
and  energy  stored  up  in  the  body.  While  that  is  being  drawn  upon,  growth  must  be 
retarded  or  stopped  altogether,  and  the  weight  may  be  considerably  reduced. 

The  scale,  like  any  other  organ  of  the  body,  must  be  affected  as  the  body  as  a who’e 
is  affected,  hence  the  variation  in  the  food  supply,  even  without  any  other  important 
factors,  could  account  for  the  difference  in  the  rate  of  growth. 

In  fishes  like  the  salmon,  where  a portion  of  the  life  is  spent  in  the  fresh  water 
and  the  remainder  in  salt  water,  there  is  a great  disparity  of  growth  during  the  two 
periods.  The  richness  of  the  marine  fauna  as  food  supply,  as  compared  with  the 
fresh-water  fauna,  makes  a decided  difference  in  favour  of  the  former.  A difference 
in  salinity,  however,  complicates  matters  as  far  as  evidence  goes  in  this  case.  A better 
illustration  is  afforded  by  the  difference  in  the  rate  of  growth  of  a trout,  e.g.,  the 
cut-throat,  in  a small  pond  where  food  is  scarce  and  in  a lake  where  food  is  abundant 
or  where  there  is  a wider  area  over  which  to  search  for  it. 

The  variation  in  the  food  supply  would  seem  to  account  appropriately  for  the 
variation  in  rate  of  growth  but,  unfortunately,  in  the  case  of  the  spring  salmon,  the 
application  is  not  self-evident.  In  the  spring  and  summer,  minute  Crustacea  and  a 
great  variety  of  larvae  are  abundant,  hence  such  fish  as  the  herring  that  feed  on  this 
should  thrive  better  at  that  time  of  the  year.  The  spring  salmon  takes  this  food  also, 
but  evidently  eats  many  fish  as  well.  Here  comes  the  difficulty.  To  judge  from  the 
stomach  contents,  one  might  say  that  the  salmon,  by  preference,  feeds  on  the  herring 
and  the  herring  is  abundant  in  the  strait  throughout  the  year.  They  are  much  more 
in  evidence  during  the  winter  months,  as  the  schools  can  readily  be  located  near 
shore.  During  February  and  March  they  remain  for  long  periods  in  the  same  locality, 
in  the  spawning  season.  Some  of  the  salmon  follow  the  herring  into  shallow  water 
since  a few  individuals  are  caught  in  the  herring  nets,  and  I have  seen  them  swim- 
ming around  in  a school  of  herring  not  far  from  shore.  It  may  be  that  these  are 
stragglers  while  the  larger  numbers  remain  in  the  deeper  water  where  the  herring 
congregate  in  the  summer  time. 

An  entirely  different  explanation  is  possible.  The  spring  salmon  may  prefer 
crustaceans,  as  the  sockeye  and  the  coho  seem  to  do,  taking  fish  only  when  the  crus- 
tacean supply  runs  short.  Their  presence  with  the  herring  schools  may  be  due  to  the 
fact  that  they,  like  the  herring,  are  feeding  on  copepods.  There  is  some  basis  for 
such  conclusion,  for  spring  salmon  caught  in  the  neighbourhood  of  herring  schools 
have  been  found  to  contain  decapods,  schizopods,  amphipods,  and  copepods.  At  such 
time  I have  even  found  annelids  of  the  Nereis  type  in  their  stomachs,  the  only  evi- 
dence that  I have  seen  that  they  are  ever  bottom-feeders  after  they  leave  the  fresh 
water.  Fishermen  with  spoon  bait  often  catch  many  salmon  right  in  the  herring 
schools,  while  herring  bait  at  such  a time  is  useless.  If  crustaceans  make  up  the 
main  part  of  the  food  supply,  then  they  would  fare  better  in  spring  and  early  summer 
when  the  pelagic  Crustacea  are  so  numerous.  In  the  winter  time  they  take  to  the 
herring  in  the  extremity  of  hunger,  as  being  the  chief  food  available,  enough  to  keep 
them  alive  but  not  enough  for  ample  nourishment  for  growth  equivalent  to  the 
summer  growth. 

If  retardation  of  growth  in  the  scale  is  due  to  the  lack  of  suitable  food,  an 
explanation  is  readily  available  for  the  extra  checks  that  appear  between  the  regular 
winter  checks,  or  at  the  margin  in  fish  caught  during  the  summer.  Ix»cal  conditions 
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may  become  such,  even  in  the  summer,  that  a fisli  oam.ot  pet  a good  food  supply  for 
some  time,  and  tlie  growth  is  checked.  That  there  arc  not  more  of  tliese  checks  goes 
to  show  what  an  abundant  and  well-distributed  fauna  there  must  he  in  the  sea.  Fish 
must  be  subject  to  periods  of  ill  health,  as  all  animals  are,  and  during  such  times 
growth  may  be  seriously  retarded.  This  would  account  for  the  small  amount  of 
growth  sonietiinos  found  l)etw(‘en  two  sueef*ssiv(^  winter  cheeks. 

Kegenerated  scales  show  that  fish  are  subject  to  injury.  As  on  the  regenerated 
scales,  only  those  rings  corresponding  to  those  formed  afterwards  on  the  normal  ."cales 
appear,  leaving  the  central  portion  of  the  scale  blank.  The  time  of  the  injury  is  thus 
indicated.  If  the  injury  is  a serious  one  the  normal  scales  on  the  fish  may  show  a 
check  on  account  of  the  retardation  of  growth  due  to  the  drain  on  the  system  in 
recovering  from  the  injury.  These  checks  may  or  may  not  decrease  the  total  amount 
of  growth  for  the  year.  In  some  cases  it  does  noticeably,  but  in  others  the  later 
growth  seems  to  have  been  accelerated  so  as  to  fully  make  up  for  the  lost  time. 

At  first  such  extra  checks  may  cause  considerable  confusion  in  scale  reading,  ljut 
after  the  normal  scale  becomes  familiar,  such  cheeks,  with  rare  exceptions,  may 
readily  be  distinguished  from  the  regular  winter  checks. 

• 

RATE  OF  GROWTH. 

Since  data  as  to  length  and  weight  of  the  fish  from  which  the  scales  for  this 
investigation  had  been  recorded,  these  scales  became  available  for  a study  of  rate  of 
growth.  Since  that  time  other  material  has  been  added.  Some  of  this  additional 
material  was  obtained  from  the  Departure  Bay  fishermen,  and  hence  is  comparable 
to  the  previous  material;  some  was  obtained  from  the  cannery  at  Nanaimo,  some 
from  a cannery  at  New  Westminster  (these  were  caught  in  the  Fraser  river),  some 
from  the  Vancouver  fish  companies  (from  the  Skeena  and  Campbell  rivers),  some 
from  the  cannery  at  Uchucklesit,  Barkley  sound,  and  a small  but  interesting  collec- 
tion from  Mr.  E.  B.  Ileacock,  Seabright,  California.  To  those  in  charge  in  all  these 
cases  my  thanks  are  due. 

The  lot  is  rather  a composite  one  and,  for  some  purposes,  a large  number  from 
one  locality  taken  at  nearly  the  same  time  would  give  better  results,  but  for  other 
purposes,  as  this  material  contains  data  from  specimens  of  all  ages  taken  at  all  times 
of  the  year,  from  widely  different  localities,  it  is  especially  suitable. 

In  studying  the  rate  of  growth  of  the  spring  salmon  it  must  be  recognized,  in 
the  first  place,  that  there  are  two  types  to  be  considered.  Most  observers  have  realized 
that  some  salmon  migrate  from  the  fresh  water  to  the  sea  as  fry,  when  they  are  four 
or  five  months  hatched,  while  others  remain  in  the  fresh  water  throughout  the  first 
year  and  go  down  early  in  the  second  year  as  yearlings  or  fingerlings.  The  whole 
.scale  theory  must  fail  if  there  are  not  two  types  of  scales  to  correspond,  but  it 
not.  The  most  casual  observer  could  not  fail  to  notice  that  the  central  portion  of 
the  scale  may  differ  materially  from  the  corresponding  portion  of  the  scale  of  another 
individual.  There  is  no  doubt  that  Gilbert’s  interpretation  of  this  central  portion 
of  the  scale  in  the  two  types  of  this  species  is  correct. 

The  individual  that  migrates  as  fry  has  no  scales  when  it  reaches  the  salt  water, 
and  consequently  there  can  be  no  record  on  the  scale  of  life  in  fresh  water.  The  scale 
starts  to  develop  soon  after  migration,  the  growth  is  rapid,  and  although  the  late 
start  is  a big  handicap,  the  growth  in  the  remainder  of  the  year  is  slightly  greater, 
on  the  average,  than  that  of  the  whole  second  year.  There  is  this  difference,  how- 
ever, the  fish  in  its  first  year  does  not  seem  to  be  able  to  stand  adverse  conditions  as 
well  as  the  older  fish.  They  may  not  be  able  to  partake  of  as  great  variety  of  food. 
In  consequence,  the  distance  between  the  rings  on  the  scale  at  times  start  to  narrow 
earlier  so  that  the  summer  growth  gradually  passes  into  the  winter  growth  without 
giving  the  appearance  of  a distinct  winter  check.  The  change  from  the  winter 
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check  to  the  next  summer’s  growth  is  as  abrupt  as  in  older  fish,  d'lie  fry  are  about 
i-5  inch  long  when  they  migrate,  and  the  average  length  at  the  end  of  the  year  is 
about  10  inches.  (Here  a6  elsewhere  in  this  paper  the  caudal  fin  rays  are  not 
included  when  the  length  is  measured.)  Some  measurements,  givem  in  imdtes,  will 
give  some  indication  of  the  rate  of  growth:  August  18,  .5.0  (2),  5.2,  5.5  (2),  6.0,  G.5, 
7.5;  November  6,  10.0;  December  4,  8.7;  December  26,  9.7;  January  28,  10.0;  Febru- 
ary 11,  10.2;  March  3,  10.7;  i\rarch  6,  10.2;  !March  11,  8.8;  Aprl  3,  8.8;  April  6, 
11.4,  8.7;  April  8,  11.6;  April  13,  10.4;  April  14,  10.2.  After  this  date  the  rapid 
growth  had  started  in  all  the  specimens  examined.  At  this  time  the  fish  is  about  a 
year  old,  or  slightly  more,  and  weighs  about  half  a pound.  In  the  measurements 
given  later  the  first  year  is  taken  to  be  the  period  to  the  end  of  the  first  winter  check. 

Concerning  the  later  growth  it  is  not  necessary  to  say  very  much.  Broad  summer 
bands  are  followed  in  succession  by  narrow  winter  bands.  In  normal  individuals 
the  limit  of  variation  is  not  so  very  great,  but  naturally  it  increases  with  the  age  of 
the  fish.  At  the  end  of  the  second  year  the  average  length  of  the  fish  examined  was 
20-5  inches,  and  the  weight  somewhat  over  4 pounds.  At  the  end  of  the  third  year 
the  length  was  28-5  inches,  and  the  weight  14  pounds.  At  the  end  of  the  fourth  year 
the  length  was  about  33  inches,  and  the  weight  22  pounds.  No  specimens  obtained 
had  completed  the  fifth  year. 

The  fry  that  remains  in  fresh  water  during  the  first  year  starts  to  develop  the 
scale  about  the  same  time  as  the  one  that  goes  to  sea,  but  as  the  fish  in  fresh  water 
growte  very  slowly,  the  scale  grows  slowly  also,  and  the  rings,  even  in  the  summer 
time,  are  quite  close  together.  In  the  winter  they  come  almost  together  and  are 
often  incomplete  or  broken.  The  winter  check  can  be  distinguished  mpre  readily 
in  the  majority  of  specimens,  by  the  narrow  area  of  broken  lines  than  by  judging 
the  distance  between  the  lines.  The  fish  is  still  under  4 inches  in  length,  and  hence 
does  not  compare  at  all  favourably  with  the  one  that  spent  its  first  year  in  the  sea. 
Usually  the  migration  to  the  sea  is  made  early  in  the  epring,  so  that  the  growth  in 
salt  water  is  indicated  immediately  following  the  winter  check.  In . some  instances, 
though,  there  is  indication  of  a small  amount  of  fresh-water  growth  outside  of  the 
winter  check  before  the  growth  in  salt  water  commences,  but  it  never  reaches  an 
extent  similar  to  that  sometimes  found  in  the  coho.  About  one-third  of  the  specimens 
examined  showed  evidence  of  thie  growth.  It  would  seem  then  that  a large  majority 
— two-thirds  of  the  whole  number  in  this  grouiD — migrate  early  in  the  spring,  in 
!March  or  early  in  April,  and  the  remainder  follow  not  so  very  long  after,  so  that  by 
tne  middle  of  May,  or  even  earlier,  the  last  stragglers  must  have  disappeared  from 
the  fresh  water. 

After  the  seaward  migration  the  growth  in  this  type  is  entirely  comparable  to 
that  in  the  other.  At  the  end  of  the  second  year  the  average  length  is  nearly  14 
inches,  and  the  weight  slightly  over  a pound;  at  the  end  of  the  third  year  the  length 
is  over  23  inches  and  the  weight  6 pounde ; at  the  end  of  the  fourth  year  the  lengrth 
is  30  inches  and  the  weight  16  pounds.  Sixth  year  specimens  were  lacking  in  this 
type  also. 

In  making  a more  detailed  analysis  and  comparison,  the  following  data  were 
obtained.  Of  306  fish  over  one  year  old  examined,  199  or  65  per  cent  of  the  whole 
number  had  migrated  as  fry.  Of  these,  83  were  in  the  second  year,  43  in  the  third, 
59  in  the  fourth,  and  14  in  the  fifth  year.  Of  the  107  that  stayed  in  the  fresh  water 
a year,  10  were  in  the  second  year,  18  in  the  third  year,  44  in  the  fourth,  and  35  in 
the  fifth.  The  growth  of  each  fish  in  each  year  has  been  calculated  and  the  average 
for  each  year  taken.  The  following  table  was  made  out  for  the  purpose  of  comparison. 
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Year  Class. 

No. 

Growth 

DURI.NO 

1st  Year. 

2nd  Year. 

3rd  Year. 

4th  Year. 

In. 

In. 

In. 

In. 

83 

9-9 

3rd  

43 

100 

9-8 

59 

IM 

101 

7 • 6 

14 

10-3 

9-7 

7-6 

5-6 

Average 

10-3 

9-9 

7-6 

5-6 

Year  Class. 

No. 

Length  at  End  of 

1st  Year. 

2nd  Year. 

3rd  Year. 

4th  Year. 

In, 

In. 

In. 

In. 

2nd  

83 

9-9 

.^rd  . 

43 

10-0 

19-8 

59 

111 

21-2 

28-7 

14 

10-3 

200 

27-6 

33-1 

Average 

10-3 

20-5 

28-5 

33-1 

“Stream  Type.” 


Year  Class. 

No. 

Growth 

During 

1st  Year. 

2nd  Year. 

3rd  Year. 

4th  A’ear. 

In. 

In. 

In. 

In. 

10 

3-6 

3rd 

18 

3-8 

10-4 

44 

3-7 

10-5 

9-5 

35 

3-7 

9-6 

9-4 

7-2 

Average 

3-7 

10-2 

9-5 

7-2 
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“ Stream  Type  ” — Concluded. 


* 

Year  Class. 

No. 

Length  at  the  End  of 

1st  Year. 

2nd  Year. 

3rd  Year. 

4th  Year. 

In. 

In. 

In. 

In. 

2nd  

10 

3-6 

18 

3-8 

14- 1 

4th 

44 

3-7 

14-2 

23-7 

5th 

35 

3-7 

13-4 

22-8 

30-0 

Average 

3-7 

13-9 

23-3 

300 

Of  the  mature  grilse  only  four  were  obtained,  all  of  the  “ sea  type,”  in  their 
third  year.  The  average  for  them  was:  Growth,  first  year,  11-1;  Second  year,  10-7; 
length  at  end  of  first  year,  11-1;  at  end  of  the  second  year,  21-8;  when  caught  in 
June,  26-0. 

In  the  previous  paper  on  “ Growth  of  spring  salmon,”  2 inches  was  taken  as  the 
average  length  when  the  scale  starts  to  develop.  It  has  been  found  that  this  was  too 
high  for  the  average,  1.5  inch  being  much  nearer  the  length.  In  these  calculations, 
therefore,  1-5  inch  has  been  taken  from  the  total  length  of  the  fish  in  each  case  and 
the  remainder  divided  in  the  same  proportion  as  a line  drawn  from  the  margin  of 
the  nucleus  to  the  margin  of  the  scale,  would  be  by  the  outside  limits  of  the  various 
winter  checks.  To  the  first  year  value  thus  obtained,  1.5  inch  is  added  to  get  the 
length  of  the  fish  at  the  end  of  the  first  year.  In  making  the  calculation  in  this  way 
there  is  no  “ phenomenon  of  apparent  change  in  growth-rate  ” such  as  is  shown  in  the 
various  herring  investigation  tables  of  Iliort,  Dahl,  and  others,  making  the  strained 
explanations  by  Rosa  Lee  (Publications  de  Circonstance,  No.  63,  Conseil  Perm.  Int. 
pour  TExpl.  de  la  Mer,  1912)  and  of  Einar  Lea  {Ihid.,  No.  66,  1913)  appear 
necessary. 

When  the  number  examined  was  divided  up  between  the  two  types  and  among 
the  difl'erent  classes,  the  number  in  any  one  group  was  not  large  enough  to  make  it 
worth  while  making  graphs,  but  some  points  concerning  each  might  be  mentioned. 

Taking  the  “sea  type”  first,  the  growth  for  the  first  year  varies  from  7-1  to  12-7 
inches,  but  very  few  are  less  than  8-7.  The  number  9-3  has  the  greatest  number  of 
individuals,  but  several  others  have  nearly  as  great.  In  the  second-year  growth  there 
are  some  cases  abnormally  small,  6.2,  6.4,  6.7,  7.2.  The  majority  fall  between  8.6 
and  12-2,  with  10-0  and  11-1  the  most  numerous.  The  length  at  the  end  of  the  second 
year  show^s  much  the  same  variety  as  the  second-year’s  growth.  There  are  low  ones, 
14-7,  15-8,  16-4,  and  16-7,  and  high  ones,  24-1,  24 '2,  and  24-5,  but  nearly  all  come 
between  17-5  and  23-5.  The  growth  in  the  third  year  shows  much  variation  between 
the  extremes  of  3-8  and  4-5  on  the  one  hand,  and  11-5  on  the  other,  but  the  greater 
number  come  between  7 0 and  8-5.  This  makes  a great  variation  in  length  at  the 
end  of  the  third  year,  all  the  way  from  24-2  to  31-8,  the  majority  falling  between 
27-5  and  29-5.  In  the  fourth-year  growth  there  is  less  variation,  4-2  and  6-7  being  the 
extremes,  but  at  the  end  of  the  year  the  length  varies  from  29-9  to  37-9,  with  one 
abnormally  low  at  28-3.  Those  taken  in  the  fifth  year  were  taken  at  different  times 
and  a fair  comparison  can  scarcely  be  made,  but  with  the  exception  of  the  abnormal 
one  just  mentioned,  which  became  only  30-5,  there  was  a variation  from  33  0 to  40-0, 
with  an  average  of  35 ‘8. 
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In  the  fish  of  the  “ stream  type,”  since  the  prowth  in  the  first  year,  after  the 
alevin  stapre  is  passed,  is  small,  there  is  little  variation  as  given  in  inches,  for  the 
length  at  the  end  of  the  first  year.  The  extremes  arc  3-2  and  4-1,  with  the  greatest 
n\imber  at  3-6  and  the  next  at  3-0.  In  the  second-year  growth  there  is  a range  from 
7-7  to  12-8,  but  nearly  all  are  between  8-4  and  12-0.  The  length  at  the  end  of  the 
second  year  varies  from  11-4  to  16-5,  but  nearly  all  are  between  12-1  and  15-9.  In 
the  third-year  growth  there  are  three  exceptionally  low,  5-1,  5-8,  and  6-4,  and  apart 
from  this  there  is  a variation  from  6-9  to  12-5,  the  majority  being  between  8-3  and  11-0. 
At  the  end  of  the  third  year,  with  the  exception  of  six  abnormal  ones,  one  of  which 
is  only  16-9,  the  length  varies  from  21-1  to  26-9,  and  is  fairly  well  distributed  between 
these  extremes.  In  the  fourth  year  the  increase  is  small  in  two  cases,  5-0  and  5-3  and 
high  in  two  others,  8-9  and  9-8.  The  remainder  falls  between  5-7  and  8-4,  with  the 
majority  between  7-0  and  8-0.  The  length  at  the  end  of  the  fourth  year  varies  from 
25-S  to  34-0,  but  nearly  all  fall  between  29-5  and  31-5.  Of  those  caught  in  the  fifth 
year,  all  but  three  were  obtained  on  June  22.  The  average  length  when  caught  was 
32-4,  with  a variation  from  28-5  to  36-5. 

For  material  from  such  a variety  of  sources,  the  growth  values  for  each  year 
show  very  little  difi'erence  in  the  different  classes.  The  differences  are  greater  in 
fishes  of  the  “sea  type,”  since,  as  the  spring  salmon  do  not  all  spawn  at  the  same  time 
of  the  year,  some  of  the  fry  must  be  more  or  less  than  a year  old  at  the  end  of  the 
first  winter  cheek.  With  the  fish  of  the  “stream  type”  the  growth  of  the  first  year 
is  so  small  that  all  start  on  much  the  same  basis  at  the  beginning  of  the  second 
spring. 

There  is  one  point  quite  prominent  in  both  types,  and  hence  worth  considering. 
'J'hose  fish  that  have  matured  in  their  fourth  year  have  higher  average  growths 
throughout  than  those  that  do  not  mature  until  the  fifth  year.  From  this  it  would 
seem  that  the  larger  fish  of  a year-class  spawn  in  the  fourth  year  and  the  smaller 
ones  of  the  class  spawn  in  the  fifth  year.  If  this  is  true,  we  should  expect  that  those 
that  mature  as  grilse  in  the  third  year  should  be  the  largest  of  the  year  class.  Too 
few  were  examined  to  justify  any  definite  statement,  but  it  may  be  said  that  these  do 
not  show  that  that  might  not  be  so.  One  would  need  to  get  several  fish  of  the  same 
year-class  for  three  years  in  succession  before  the  conclusion  would  be  sufficiently 
definite. 

The  comparison  would  be  more  complete  if  six-year  or  even  seven-year  fish 
(Gilbert  records  one  fish  in  its  seventh  year)  could  have  been  included.  Gilbert  says 
very  little  about  the  six  and  seven-year  fish  that  he  has  seen.  The  sixth-year  scale 
lhat  he  figures  is  of  the  “ stream  type  ” it  would  be  interesting  to  know  if  all  the 
others  were,  as  well  as  the  nature  of  the  seventh-year  fish.  The  data  from  such  would 
have  a decided  bearing  on  the  question  here  discussed,  but  in  this  region,  at  any 
rate,  they  would  not  appear  to  be  sufficiently  numerous  to  be  a factor  in  the  com- 
mercial phase  of  the  question. 

As  quite  a complete  series  of  fish  up  to  35  inches  was  obtained,  and  as  the  weight 
of  these  over  5 inches  was  recorded,  it  is  possible  to  get  a satisfactory  graph  to  show 
the  ratio  of  weight  to  length.  The  curve  is  as  regular  as  one  could  expect  from  the 
degree  of  accuracy  of  weights  and  measurements.  There  were  only  ten  fish  in  the 
collection  over  35  inches,  and  these  show  much  irregularity  in  weight.  There  were: 
Tour  35-5,  varying  from  21  to  28-5  pounds;  one  36-0,  weighing  28;  one  36-5,  25; 
one  37-5,  39;  one  38,  28;  one  39,  35-5;  and  one  40-0  weighing  36-5  pounds. 

The  sex  was  not  determined  in  the  fish  obtained  from  FTe\v  Westminster  and 
Vancouver,  hence  the  data  are  not  sufficient  to  say  definitely  if  there  was  much  differ- 
ence in  weight  between  the  males  and  the  females  of  the  same  length,  as  this  lot 
contained  a large  proportion  of  the  mature  specimens.  In  those  where  the  sex  was 
determined  there  was  no  material  difference. 
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In  comparing  the  salmon  of  the  “sea  type”  with  those  of  the  “stream  type” 
throiighout,  the  former  shows  to  good  advantage.  At  the  end  of  the  first  year,  it  has 
» length  6 -6  inches  greater  than  the  other,  and  a somewhat  similar  superiority  is 
maintained  throughout.  At  the  end  of  the  second  year  three  is  still  G O inches  differ- 
ence and  a difference  of  over  3 pounds  in  weight,  as  the  small  fi.sh  weighs  very  little 
over  a pound  while  the  larger  weighs  over  4.  At  the  end  of  the  third  year  the  differ- 
ence in  length  is  5'-2  inches  and  the  difference  in  weight,  Y-5  pounds.  At  the  end 
of  the  fourth  year,  the  difference  in  length  is  3-1  inehes  and  the  difference  in  weight, 
G-5  pounds.  At  the  time  they  are  caught  in  June  and  July,  if  they  are  in  the  fourth 
year,  the  average  length  of  the  “sea  type”  is  31 -Y  inches,  and  of  the  “stream  type” 
‘2G-3  inches,  a difference  of  5-4  inches,  and  a corresponding  difference  in  weight  of 
Y-5  pounds;  if  they  are  caught  in  their  fifth  year,  there  is  an  average  difference  in 
length  of  3-4  inches,  and  in  weight  of  G-5  pounds.  As  in  this  collection  65  per  cent 
are  fish  of  the  “ sea  type,”  it  would  seem  to  be  a good  thing  if  the  remainder  should 
he  encouraged  to  behave  likewise.  Hence,  instead  of  keeping  the  fry  of  the  spring 
salmon  in  retaining  ponds  for  a year,  and  losing  thereby  many  pounds  of  mature 
fish,  it  would  he  much  better  to  give  all  of  them  every  facility  in  getting  down  to  the 
salt  water  and  a better  sup]dy  of  food  as  soon  as  they  can  stand  the  change  physio- 
logically. The  only  offset  there  is  comes  from  the  fact  that  a larger  number  of  fish 
nf  the  “ sea  type  ” than  of  the  “ stream  type  ” are  mature  in  the  fourth  year.  The 
latter  has  one  year  longer  to  grow  in  such  cases.  As  it  is  scarcely  any  larger  in  the 
fifth  year  than  the  former  is  in  the  fourth,  there  is  no  special  advantage  even  here. 
If  five  years  instead  of  four  are  taken  to  produce  a certain  size  of  fish,  there  must  be 
ji  loss  of  25  per  cent  here  as  well.  , 

It  must  be  distinctly  understood  that  these  remarks  apply  to  the  spring  salmon 
only,  and  to  the  spring  salmon  as  I have  found  it.  It  does  not  necessarily  apply  to 
any  other  species  of  Pacific  salmon.  That  quite  the  opposite  is  true  for  the  coho  is 
shown  in  another  paper  being  published,  and  it  remains  to  be  seen  what  is  the  nature 
of  the  application  in  other  species. 


SUMMARY. 

The  growth  of  the  scale  in  the  spring  salmon  is  a good  indication  of  the  growth 
of  the  fish.  Annual  bands  of  growth  appear  on  the  scale,  each  consisting  of  a wide 
]iortion  with  the  lines  on  it  somewhat  distant,  and  a narrow  portion  with  the  lines 
closer  together.  The  narrow  band  may  be  called  the  “ winter  check  ” appropriately, 
because,  although  the  retardation  of  growth  is  due  to  a lack  of  food  rather  than  to  a 
lowering  of  the  temperature,  it  is  produced  in  the  winter  months,  January,  February, 
find  March,  with  indications  of  it  in  December  and  April. 

There  are  two  types  of  scales,  since  some  of  the  salmon  migrate  to  the  sea  as 
fry  and  have  no  fresh-water  record  on  their  scales,  while  others  migrate  as  yearlings 
or  fingerlings  after  having  a year  of  comparatively  slow  growth  on  the  fresh  water 
clearly  indicated  on  the  scales. 

The  majority  of  both  types  mature  in  their  fourth  or  fifth  years;  probably  a 
greater  percentage  of  the  “ sea  type  ” than  of  the  “ stream  type  ” mature  in  the  fourth 
year,  but  a majority  of  the  whole  number  are  of  the  “ sea  type.”  The  fish  that  mature 
in  the  fourth  year  are,  as  a rule,  among  the  larger  of  the  year-class.  Possibly  if 
enough  third-year  grilse  were  examined  there  would  be  proof  that  they  are  among  the 
largest  of  the  year-class. 

The  “ sea  type  ” fish  has  a decided  advantage  throughout  life,  both  in  length  and 
in  weight,  so  much  so  that  an  average  fish  of  the  “stream  type”,  mature  in  the  fifth 
year,  is  scarcely  larger  than  a “sea  type”  fish  mature  in  the  fourth  year.  If  they  are 
both  in  the  same  year  when  mature,  either  the  fourth  or  fifth,  there  is  an  average 
difference  of  6 or  Y pounds.  T^nless  there  is  some  other  i^reponderating  reason  for 
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keeping  spring  salmon  in  rearing  ponds  for  a year,  it  is  decidedly  unwise  to  do  so, 
as,  taking  it  either  in  size  or  in  time,  there  must  be  a handicap  of  at  least  20  or  25 
per  cent  in  favour  of  the  “ sea-type  ” fish. 


EXPLANATION  OF  PLATES. 

Plate  I. 

Fio.  1.  Scale  of  spring  salmon  in  third  year  showing  summer  growth  at  the  margin,  caught 
June  6. 

“ 2.  Scale  of  spring  salmon  near  the  end  of  the  third  year  showing  winter  check  at  margin, 

caught  February  16. 

" 3.  Scale  of  spring  salmon  In  second  year  showing  winter  check  starting  at  margin,  caught 

November  27. 

4.  Scale  of  spring  salmon  in  second  year  with  winter  check  just  starting  at  margin,  caught 
January  5. 

Plate  II. 

“ 5.  Scale  of  spring  salmon  at  the  beginning  of  the  fourth  year  with  summer  growth  start- 

ing at  the  margin,  caught  March  17. 

" 6.*  Scale  of  spring  salmon  at  the  beginning  of  the  third  year  with 'summer  growth  well 

begun  at  the  margin,  caught  April  5. 

“ 7.  Scale  of  spring  salmon  at  the  beginning  of  the  third  year  with  no  summer  growth  show- 

ing at  the  margin,  caught  April  13. 

“ 8.  Scale  of  spring  salmon  at  the  beginning  of  the  third  year  with  no  summer  growth 

showing  at  the  margin,  caught  April  22. 

“ 9.  Scale  of  spring  salmon  In  the  third  year,  regenerated  in  the  fall  of  the  second  year  and 

showing  the  second  winter  check. 

Plate  III. 

'*  10.  Scale  of  spring  salmon  in  third  year  with  n check  showing  at  the  margin  during  sum- 
mer growth,  caught  July  26. 

" 11.  Centre  of  scale  of  spring  salmon  of  “stream  type”  in  fourth  year,  in  which  migration 
took  place  immediately  after  winter  check. 

Plate  IV. 

“ 12.  Centre  of  scale  of  spring  salmon  of  “stream  type”  in  second  year,  showing  freshwater 
growth  after  the  first  winter  check. 

“ 13.  Centre  of  scale  of  spring  salmon  of  “sea  type”  in  second  year. 

Graphs. 

• 

“14.  A curve  to  show  percentage  for  each  half  month  of  the  total  growth  for  the  year.  A 
curve  to  show  at  the  end  of  each  half  month,  the  percentage  of  the  whole  growth  of 
the  year  attained.  A curve  (interrupted)  showing  the  annual  variation  of  the  tem- 
perature of  the  surface  water. 

“ 15.  A curve  showing  ratio  of  weight  to  length. 


Plate  i. 


Spring  Salmon. 


Platk  II, 


Spring  Salmon. 


Platk  III. 


38a— 3 


Plate 


Spring  Salmon. 


Fig.  14. 


Spring  Salmon. 

A curve  to  show  percentage  for  each  half  month  of  the  total  growth  for  the  year.  A curve  to  show  at 
the  end  of  each  half  month,  the  percentage  of  the  whole  growth  of  the  year  attained.  A curve 
(interrupted)  showing  the  annual  variation  of  the  temperature  of  the  surface  water. 
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Si)ring  Salmon.  A'curve  showing  ratio  of  weiglit  to  length. 
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ON  THE  LIFE-HISTORY  OF  THE  COHO. 

By  C.  McLean  Fraser,  Ph.D. 

Curator,  Pacific  Coast  Biological  Station,  Departure  Bay,  B.C. 

(With  Plates  V,  VI,  and  VII  (7  figures),  and  figures  (Graphs)  8,  9,  10,  11,  12,  13. 

The  sockeye  and  the  spring  salmon,  among  the  Pacific  species,  have  received  the 
monopoly  of  attention  of  investigators  ever  since  the  salmon  trade  became  an  important 
one  on  the  Pacific  coast,  and  naturally  so,  because  these  two  species  have  been  so 
important,  commercially.  In  more  recent  years,  on  account  of  the  scarcity  of  these 
at  times,  especially  in  certain  localities,  the  other  species  have  come  more  into 
prominence.  The  coho  or  silver  salmon  is  now  quite  an  important  factor  in  the 
output  of  the  canneries.  In  the  cannery  statements  compiled  for  the  Pacific  Fisher- 
man Year  Books  it  is  shown  that  there  has  been  a gradual  though  rapid  increase  in 
the  coho  pack  in  British  Columbia  until,  for  the  year  1915,  it  amounted  to  13  per 
cent  of  the  whole  output.  It  does  not  show  as  large  a percentage  for  that  year  for 
the  whole  coast,  but  in  1912,  when  the  sockeye  pack  was  very  low,  it  reached  an 
amount  over  10  per  cent  of  the  pack  for  the  year.  Besides  those  that  are  canned, 
an  increasing  number  is  being  put  in  cold  storage.  As  the  importance  of  the  coho 
is  thus  rapidly  increasing  it  seemed  worth  while  to  take  advantage  of  a situation 
somewhat  favourable  for  learning  something  of  the  life-history  of  the  species. 

Some  work  has  already  been  done  on  the  coho.  It  has  been  considered,  along 
with  other  species,  in  papers  on  the  Pacific  salmon,  in  several  papers  by  McMurrich 
tirid  one  by  Gilbert.  These  deal  largely  with  the  age  at  maturity  of  the  species. 
Some  of  the  points  touched  on  in  these  papers  will  be  considered  in  connection  with 
others  that  heretofore  have  not  received  special  attention. 

I'he  favourable  conditions  referred  to  are  these:  Coho  spawn  in  a small  creek 
That  fiows  into  the  head  of  Departure  bay,  and  in  this  creek,  at  all  times  of  the  year, 
ihe  young  coho  may  be  seen.  A locality  for  observation  is  thus  very  conveniently 
situated.  After  they  have  migrated,  some  of  them  must  remain  in  the  strait  of 
Georgia  throughout  their  lives  in  salt  water,  and  possibl.v  they  all  do,  as  they  may 
be  caught  with  hand  lines  throughout  the  greater  part  of  the  year.  Various  stages 
iiave  been  obtained  from  hand  line  fishermen  in  Departure  bay.  Through  the  kind- 
ness of  Messrs.  Broder,  a large  number  of  specimens  of  mature  fish,  a good  repre- 
sentative lot  for  the  strait,  was  examined  at  the  cannery  at  Nanaimo.  To  compare 
with  these,  through  the  kindness  of  IManager  Crawford,  of  the  Neah  Bay  cannery, 
I was  able  to  get  a number  from  the  open  ocean. 

In  the  ci’eek  at  Departure  bay  the  mature  coho  appear  about  the  middle  of 
November.  As  the  spawning  beds  are  but  a short  distance  up  the  stream,  not  more 
than  a mile,  they  are  soon  reachetl,  and  the  spawning  is  over  by  the  end  of  the  month. 
At  the  Cowichan  Lake  hatcher.y,  where,  until  this  season,  the  greatest  number  of 
cohos  in  the  province  were  hatched,  the  first  eggs  were  taken  about  November  10, 
but  the  spawning  season  lasts  for  a considerable  time,  as  even  after  the  first  of 
February  there  are  unspawned  fish  in  the  streams  of  the  neighbourhood. 

The  eggs  hatch  in  three  months,  or  slightly  less,  but  the  alevins  remain  buried 
in  the  coarse  sand  or  fine  gravel  at  some  distance  below  the  surface  for  some  time. 
On  March  7 not  one  could  be  seen  in  the  creek,  although  the  last  year’s  fry  were 
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I>lentiful.  On  April  10  the  alcvins  were  plentiful,  and  by  Ai)ril  11  a few  of  them 
had  the  yolk  all  absorbed.  They  gradually  work  down  stream  and  even  into  the 
brackish  water.  By  ^lay  G many  of  them  were  near  the  mouth  of  the  stream,  but 
I have  never  seen  any  of  them  out  in  the  bay,  or  anything  to  indicate  that  they  ever 
get  out  into  the  bay  during  the  first  year.  Relatively,  those  in  the  creek  at  any  one 
time  vary  much  in  length.  On  April  14  a catch  of  alevins  and  fry  varied  from  30 
to  39  mm.  Of  nineteen  caught  on  June  29  there  were  the  following  lengths:  33,  36 
(2),  37,  39,  41,  42  (2),  43  (3),  44  (2),  54,  58,  GO  (2).  On  November  19  there  was 
variation  from  49  to  61 ; on  March  7,  from  52  to  67,  with  a single  very  small  one 
only  42  mm.  Some  of  them  migrate  to  the  sea  as  early  as  March,  at  which  time  they 
are  a year  hatched,  but  others  linger  in  the  fresh  water  much  longer.  1 have  seen 
none  later  than  June  29,  but  on  that  date  two  were  caught,  76  and  60  mm.,  and 
ethers  were  seen  in  the  creek.  None  of  them,  however,  remain  throughout  the  whole 
second  year.  Evidence  that  this  is  true  elsewhere  will  be  referred  to  later,  when  the 
age  question  is  considered  more  at  length. 

During  the  first  months  after  migration  the  yearlings  are  seldom  observed;  they 
are  too  small  to  be  retained  in  the  meshes  of  the  gill-nets,  seines,  or  traps,  and  too 
small  also  to  be  attracted  by  the  spoon  that  is  used  in  catching  larger  fish.  They 
grow  very  rapidly,  and  in  October  an  occasional  one  is  caught  with  the  hook  and 
line.  They  are  now  10  to  12  inches  long,  each  weighing  12  to  14  ounces.  They  do 
not  appear  in  sufficient  numbers  to  attract  attention  until  the  spring,  when  they  are 
just  over  two  years  old.  In  the  latter  half  of  April,  the  schizopods  become  so 
plentiful  near  the  surface  of  the  water  at  certain  times  of  the  day  that  large  areas 
become  noticeably  pink.  As  the  cohos  have  a decided  preference  for  small  crusta- 
ceans, they  appear  in  great  numbers  to  gorge  themselves  on  these  schizopods.  The 
crustaceans  are  almost  at  the  surface,  and  the  young  coho  may  be  seen  in  all 
directions,  jumping  out  of  the  water.  They  take  the  spoon  readily  at  this  time  but, 
apparently,  not  because  they  are  hungry,  as  they  may  be  taken  with  their  stomachs 
much  distended  with  the  pink  food  made  up  of  thousands  of  these  individuals. 
Locally,  at  this  time,  they  are  called  “ bluebacks,”  but  this  term  is  used  in  so.  many 
different  senses,  as  several  common  names  are,  that  it  is  scarcely  wise  to  mention 
the  fact  lest  it  give  a wrong  impression.  At  the  same  time,  or  somewhat  later,  the 
young  herring  are  little  larger  than  the  schizopods,  and  they  also  provide  excellent 
food  material.  Probably  at  no  other  time  in  the  life  of  the  coho  is  there  such  a 
superabundance  of  good  food  available,  and  in  consequence  the  rate  of  growth  is 
rather  startling.  Fish  that  weigh  to  2J  pounds  at  the  middle  of  April,  will  weigh 
3 to  5 or  even  5J  pounds  by  the  middle  of  June,  i.e.,  doubling  the  weight  in  two 
months.  The  length,  which  was  from  14  to  19  inches  in  April,  now  runs  from  18  to 
23  inches.  From  this  time  on  an  occasional  fish  is  caught  in  the  vicinity  of  Nanaimo, 
but  the  real  season  for  mature  coho  does  not  start  until  on  in  September.  In  other 
parts  of  the  province  it  starts  earlier  than  this.  At  several  points  from  Alert  bay  to 
Prince  Rupert  a good  catch  was  made  last  year  before  the  end  of  August.  These 
mature  fish,  now  two  years  and  seven  or  eiglit  months  old,  vary  much  in  length  and 
weight.  In  the  length,  a variation  from  18  to  31  inches  has  been  observed,  and  in 
weight  from  3|  to  16j  pounds.  They  are  now  on  the  way  to  the  streams  to  spawn, 
and  their  life-cycle  is  soon  completed. 

As  to  the  food  of  the  coho,  from  the  time  that  the  yolk  is  absorbed  until  maturity, 
there  seems  tg  be  a decided  preference  for  an  insect  and  crustacean  diet.  When  this 
is  not  available,  reliance  has  to  be  placed  on  fish.  In  the  nearby  creek,  as  soon  as  the 
alevins  work  their  way  out  of  the  gravel  of  the  spawning  bed,  they  move  away  from  it 
down  stream.  By  the  time  the  yolk  is  all  absorbed  they  are  well  distributed  throughout 
the  length  of  the  stream,  and  not  too  much  crowded  in  any  one  place.  In  consequence 
there  probably  is  a supply  of  insect  larvoe  for  all.  Beside  the  coho,  the  only  fish  in 
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the  creek  is  the  cut-throat  trout,  with  an  occasional  small  sculpin  or  fresh-water  bull- 
head. The  cut-throat  of  the  same  year  is  not  hatched  for  some  time  after  the  coho 
appears,  and  those  of  the  preceding  year  are  large  enough  to  look  after  themselves. 
The  young  fry,  therefore,  have  no  fish  as  small  as  themselves  to  attack,  and  hence 
insect  larva*,  with  a few  fresh-water  Crustacea  must  supply  the  demand.  It  is  possible 
that  those  earlier  hatched  may  attack  those  later  hatched  and  that  both  may  attack 
the  cut-throat  fry  when  they  come  out,  but  by  this  time  they  must  have  attained  greater 
size.  It  is  possible,  too,  that  the  yearling  coho  attack  the  firy,  and  the  cut-throat  a year 
or  more  old  may  do  so  also,  as  all  the  Salmonidac  eat  fish  when  other  food  is  not  avail- 
able, if  not  at  other  times.  In  thisi  creek  the  cohos  and  the  trout  seem  to  live  in  har- 
mony, as  both  are  commonly  found  in  the  same  small  group. 

It  is  a fact  that  when  large  numbers  of  fry  are  put  out  in  the  creeks  from  the 
hatchery  that  the  older  ones  may  be  seen  devouring  the  younger  ones,  but  in  such  cases 
thousands,  sometimes  hundreds  of  thousands,  are  put  out  in  the  one  creek  within  com- 
paratively narrow  limits  so  that  before  they  become  well  distributed  insect  food  must 
be  at  a premium.  As  the  younger  fry  offer  the  only  food  for  the  older  ones,  very  hun- 
gry by  this  time,  they  are  devoured.  If  there  are  trout  in  the  same  stream  they  prob- 
ably assist  in  the  operation. 

The  statement  that  coho  remain  in  the  rivers  for  two  or  three  years  feeding  on  the 
trout  is  evidently  absurd.  In  the  first  place,  the  coho  does  not  live  to  be  three  years 
old,  or  at  least  there  has  been  no  evidence  adduced  that  it  does.  In  the  second  place, 
there  is  a similar  lack  of  evidence  that  any  of  them  remain  in  fresh  water  for  two 
years.  Furthermore,  as  the  yearling  coho  is  seldom  more  than  5 inches  long  when  it 
migrates,  and  more  often  is  considerably  short  of  that,  the  injury  done  to  the  trout  by 
it  must  be  very  much  exaggerated.  In  reality  the  coho  has  a much  stronger  case  against 
the  trout,  the  steelhead,  the  cut-throat  and  dolly  varden  or  char.  These  fish  follow  the 
coho  to  the  spawning  beds  and  devour  so  many  of  the  eggs  as  soon  as  they  are  spawned 
that  the  possible  number  of  coho  fry  is  at  once  very  much  reduced.  No  matter  how 
often  the  male  coho  turns  to  chase  them,  they  follow  him  back,  as  soon  as  he  turns, 
to  gorge  themselves  once  more.  After  the  eggs  are  hatched  the  fry  are  attacked,  and 
it  is  there  that  the  dolly  varden  does  the  most  damage.  It  is  the  general  opinion  of 
observers  all  the  way  from  the  Aleutian  islands  to  California  that  the  dolly  varden 
does  more  harm  to  the  salmon  fry  than  any  other  agency,  and  many  will  go  so  far  as 
to  say  that  it  does  more  harm  than  all  the  other  agencies  put  together.  Therefore, 
instead  of  protecting  the  dolly  varden  by  a close  season,  it  would  ba  very  much  better 
for  the  salmon  fisheries  if  everything  possible  were  done  to  reduce  their  numbers.  The 
case  against  the  other  trout  is  not  so  strong,  but  as  they  remain  in  the  fresh  water  for 
a much  greater  portion  of  their  lives  than  the  coho,  the  balance  of  destruction  is  prob- 
ably in  their  favour. 

The  food  of  the  coho  in  the  sea  has  been  indicated.  Pelagic  Crustacea  form  the 
bulk  of  it.  Schizopods  predominate  if  the  whole  year  is  considered  but,  at  certain 
times,  larval  barnacles  and  larval  decapods  form  an  important  portion.  Of  the  fish 
used,  reference  has  been  made  to  the  small  herring  fry.  The  older  fry  and  even  the 
herring  a year  or  more  old  are  eaten  later  in  the  season.  Apparentlv  thev  have  pre- 
ferenee  over  other  fish.  Salmon  fry,  sand  launces  and  capelin  are  the  only  other  fish 
that  have  to  be  observed.  For  a short  period  about  October  the  1st  the  capelin  are  taken 
in  large  numbers  as  they  come  inshore  to  spawn. 

The  mature  fish  feed  actively  until  they  come  to  the  mouth  of  the  streams  up 
which  they  go  to  spawn,  or  possibly  until  they  enter  these  streams;  Consequently, 
they  must  increase  in  weight  almost  until  spawning  time. 

The  general  rate  of  growth  has  been  considered  and  some  remarks  made  about  the 
age  of  the  coho.  A more  complete  analysis  of  the  relation  of  growth  to  age,  depending 
on  the  examination  of  scales,  will  now  follow.  The  method  of  growth  determination 
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iiseil  is  the  same  as  that  used  in  a prior  paper  on  the  life  history  of  the  spring  salmon. 
In  general,  the  winter  checks  show  up  more  plainly  in  this  species  than  in  the  spring 
salmon,  so  that  there  is  seldom  any  difficulty  in  making  out  their  delimitation. 

The  scale  appears  first  as  a small,  flat,  almost  circular  body,  which  becomes  the 
nucleus  of  the  growing  scale.  At  that  stage  of  the  appearance  of  this  nucleus 
the  fry  is  from  31  to  34  mm.  long  (in  all  measurements  in  this  paper  the  length 
does  not  include  the  caudal  fin  rays),  with  an  average  of  32-5  mm.  It  is  this  size 
about  the  end  of  May  or  early  in  June.  The  rings  then  begin  to  form.  From 
ten  to  fourteen  appear  in  tbe  first  set:  these  gradually  get  closer  together,  although 
they  are  not  very  far  apart  at  first.  The  last  two  or  three  may  be  dim,  broken,  and 
generally  indistinct.  They  indicate  the  first  winter  check.  At  the  time  these  are 
formed  the  food  supply  is  at  its  lowest  ebb,  so  that  very  little  growth  is  taking  place. 
In  March  or  early  in  April  the  food  supply  becomes  more  abundant  and  the  distance 
between  the  rings  increases,  showing  more  rapid  growth,  somewhat  similar  to  that  near 
the  nucleus.  At  migration  a decided  increase  takes  place  abruptly,  due  to  the  better 
supply  of  food  in  the  salt  water.  It  may  be  that  the  fresh  water  band  for  the  beginning 
of  the  second  year  is  entirely  absent  as  some  of  the  yearlings  pass  down  to  the  sea  too 
early  to  show  spring  growth  in  fresh  water.  More  commonly  the  band  is  present,  vary- 
ing in  width  with  the  length  of  time  before  migration  takes  place. 

riiamberlain^  has  reported  that,  in  Alaska,  a greater  number  of  coho  pass  to  the 
sea  as  fry  than  as  yearliners.  The  evidence  available  for  this  region  indicates  a con- 
dition far  otherwise.  Out  of  nearly  400  examined  for  the  pur])ose  of  this  research, 
only  three  .showed  indication  of  going  to  the  sea  as  fry.  These  three  were  among  those 
obtained  at  Xeah  bay  on  October  20.  During  the  remainder  of  the  summer  the  rings 
are  formed  as  usual  for  salmon  growth  in  the  sea.  The  winter  check  follows  and  then 
the  growth  during  the  third  summer,  with  the  rings  getting  somewhat  closer  late  in 
the  fall  when  the  fish  goes  un  the  stream  to  spawn. 

The  scales  of  the  three  that  went  to  the  salt  water  as  fry  have  the  first-year  growth 
in  the  nature  of  a broad  band  of  distant  rings  next  to  the  nucleus,  followed  by  a 
winter  check,  the  whole  width  of  the  band  being  similar  to  that  of  the  second  year. 
Since  the  first  year  shows  no  fresh-water  growth,  the  second  does  not  either,  and  the 
third  year  is  similar  to  that  in  other  scales. 

Even  in  the  largest  fish  obtained  there  was  no  indication  that  the  third  year  had 
been  completed.  As  no  one  has  recorded  a fourth  year  specimen,  if  there  are  any 
such,  they  must  be  rare. 

The  analysis  of  the  results  of  examining  the  scales  of  nearly  400  fish,  of  which 
301  were  in  the  tliird  year,  gives  an  admirable  basis  for  comparing  the  rate  of  growth 
in  the  different  years  and  in  the  different  fish.  As  the  fry  is,  on  the  average,  1-3 
inch  long  when  the  nucleus  is  developed,  that  amount  has  been  taken  from  the  total 
length  in  inches  in  each  case  and  the  remainder  divided  as  the  scale  is  divided  by  the 
winter  checks.  Then  1-3  inch  is  added  to  the  first  year  value  to  obtain  the  length  at 
the  end  of  the  first  year.  In  these  scales,  the  growth  of  the  fresh-water  portion  of  the 
second  year  was  calculated  also. 

In  the  whole  number  of  fish  in  the  third  year,  the  least  growth  at  the  end  of  the 
first  year  was  2-4  inches  and  the  greatest  4-1,  with  an  average  of  3'-3.  (All  of  the 
yearlings  caught  in  the  stream  in  early  spring  came  between  these  same  extremes.) 
The  frequency  curve  to  represent  this  is  a fairly  regular  one,  showing  the  greatest 
number  at  a length  of  3-2,  although  nearly  as  many  at  3-4  and  3-6.  The  growth  for 
the  second  year  varies  from  7-5  to  14-4,  with  an  average  of  11-1.  The  greatest  number 
came  at  10-7  and  11-6.  Although  the  base  of  the  curve  is  much  more  spread  out 
than  in  the  first-year  curve,  the  regularity  is  much  the  same.  The  length  at  the  end 

1 Chamberlain,  F.  M.  Observations  on  salmon  and  trout  in  Alaska.  Bureau  of  Fisheries 
Document  No.  027,  1907. 
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of  the  second  year  varies  from  11-1  to  18-1,  with  an  average  of  14-3.  The  highest 
point  of  the  curve  is  reached  with  13-5,  but  there  are  several  others  nearly  as  high. 
That,  in  general,  the  yearlings  that  have  the  best  start  tend  to  keep  it  up,  is  shown 
by  the  fact  that  the  average  of  the  length  at  the  end  of  the  first  year,  added  to  the 
average  growth  in  the  second  year,  gives  exactly  the  length  at  the  end  of  the  second 
year.  For  the  growth  in  the  third  year,  only  those  caught  after  September  15  are 
considered.  Since  there  is  such  rapid  growth  during  the  third  summer,  a fair  com- 
parison could  not  be  made  of  all  those  caught  during  the  year.  Apart  from  an 
abnormally  small  growth,  4-0,  and  an  abnormally  large  one,  14-2,  the  growth  for  the 
portion  of  the  third  year  varies  from  6-1  to  13-5  inches,  with  an  average  of  0-7;  10-0 
has  the  highest  point  on  the  curve,  with  9'- 5 and  10-6  nearly  approaching  it.  The 
total  length  at  time  of  catching  of  these  same  third-year  specimens  varies  from  18-0 
to  31-0  inches,  with  an  average  of  24-0.  The  highest  point  on  the  curve  is  taken  by 
23-0,  but  22-0  and  23-5  nearly  equal  it.  As  the  frequency  curve  here  is  made  from 
half-inch  measurements  while  the  others  are  in  tenths,  they  are  not  exactly  compar- 
able. Here  again  the  average  length  is  equal  to  the  sum  of  the  average  growth  in 
the  three  periods,  3-3  + lT-0  + 9-7  = 24-0,  and  the  length  at  the  end  of  the  three  years 
is  3-3,  14-3,  and  24-0,  respectively. 

The  fish  that  went  to  sea  as  fry  were  not  sufficiently  numerous  to  serve  as  a basis 
for  definite  conclusions.  The  measurements  were  as  folloAvs : — 

1.  At  end  of  1st  year,  9'6  ; 2nd  year,  lfi'4  ; 3rd  year,  24'0 

2.  “ “ 11-0  “ 19-4  “ 25-0 

3.  “ ••  11*4  “ 21-5  “ 28-0 

Average  “ “ lO"?  “ 19-1  “ 25'7 

There  is  no  very  appreciable  difference  between  the  length  of  the  males  and  the 
females.  The  averages  are : — 

Males  — At  end  of  1st  year,  3'3  ; 2nd  year,  14'5  ; 3rd  year,  24‘1 

Females — “ “ 3'3  “ 14'2  “ 24'0 

There  is  more  difference  between  the  average  lengths  of  those  caught  at  Xeah  bay 
and  those  caught  in  the  strait  of  Georgia. 

Strait  of  Georgia — At  end  of  1st  year,  3’3  ; 2nd  year,  14'1  ; 3rd  year,  23‘7 

Neah  Bay  — “ “ 3'6  “ 15‘5  “ 25‘6 

If  the  difference  was  in  the  third  year  only,  it  might  be  accounted  for  partly  by 
the  fact  that  those  from  Xeah  bay  were  caught  a little  later  in  the  year  than  the 
majority  of  those  taken  in  the  strait  of  Georgia,  but  the  difference  is  relatively  as 
great  at  the  end  of  the  second  year,  and  is  noticeable  even  at  the  end  of  the  first  year. 
It  might  be  that  since  all  of  the  Xeah  Bay  specimens  were  from  the  same  lot,  that 
w’as  an  early  spawned  lot  and  they  were  able  to  keep  up  the  initial  advantage.  To 
keep  up  the  advantage  it  would  be  necessary  to  have  the  proper  supply  of  food  in 
any  case  and  probably  the  food  supply  is  better  at  the  entrance  to  the  strait  of 
Fuca  or  somewhere  in  that  vicinity  than  it  is  in  the  strait  of  Georgia.  This  is  borne 
out  in  the  comparison  of  weights,  a matter  which  is  taken  up  later. 

The  length  at  the  time  of  migration  varied  from  2-8  to  6-6  inches,  with  an 
average  of  4-5.  Out  of  the  whole  number  only  eight  were  over  6-0  inches,  and  only 
twenty-two  were  over  5-5.  The  greatest  number  were  at  4-6.  Various  calculations 
were  made  to  see  if  the  fish  were  ultimately  smaller  on  account  of  the  longer  time 
spent  in  the  fresh  water  at  the  beginning  of  the  second  year,  but  no  constant  differ- 
ence could  be  found  even  in  the  growth  for  the  second  year.  The  time  of  hatching, 
and  consequently  the  length  at  the  end  of  the  first  year,  seems  to  have  more  to  do 
with  the  total  growth  and  the  second  year’s  growth  than  the  length  of  time  spent  in 
the  fresh  water  during  the  second  year.  Possibly  if  a greater  number  were  examined, 
some  difference  might  be  shown. 
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Going  on  the  supposition  that  the  fish  that  were  first  hatched  during  the  season 
would,  in  general,  have  the  greatest  growth  to  the  end  of  the  first  winter  check,  they 
were  divided  into  three  groups  according  to  their  lengths  at  that  time.  The  first 
group  included  all  those  that  were  3 0 inches  or  less  at  the  end  of  the  first  winter 
check;  the  second  included  those  that  w’ere  over  3-0  inches  and  up  to  3-5  inches;  the 
third  included  those  over  3-5  inches.  The  average  growth  in  each  case  was  as 
follows : — 

1st  group — At  end  of  2nd  year,  14*0  ; when  caught,  23'6 
2nd  " " " 14-1  “ 23'7 

3rd  " “ 14-9  “ . 25'0 


The  difference  indicates  that  the  fish  that  are  the  largest  at  the  end  of  the  first 
year,  and  hence  probably  those  that  were  hatched  out  earliest,  have  an  advantage 
that  tends  for  greater  growth  throughout  life. 

When  the  weight  of  the  fish  was  compared  with  the  length,  it  was  found  that 
there  was  a very  definite  ratio  between  length  and  weight.  The  youngest  fish  of 
which  the  weights  were  taken,  or  which  enough  weights  \vere  taken  to  make  a com- 
parison possible,  were  those  slightly  over  two  years  old,  taken  in  April.  From  these 
the  following  table  was  obtained : — 


Length. 


14- 75 

15- 
15-25 
15-5 

15- 75 

16- 
16-25 
16-5 

16- 75 

17- 25 

18- 

18- 5 

19- 
19-5 


Weight. 
Lb.  Oz. 

1 8 

1 11 

1 12 

1 14 

2 2 

2 0 

2 4 

2 6 

2 8 

3 0 

3 4 

3 8 

3 12 


In  some  cases  there  was  but  one  specimen  of  the  particular  length,  hence  some 
irregularity  is  sho\vn.  This  w'ould  probably  be  eliminated  if  there  were  several  of 
that  length  from  w'hich  to  take  an  average. 

In  comparing  the  weights  of  the  mature  fish,  the  males  and  females  were  taken 
separately,  and  those  from  Neah  bay  were  separated  from  the  others. 

In  the  table  which  follows  there  is  some  irregularity,  as  in  the  preceding  table, 
due  to  the  small  number  of  specimens  for  certain  lengths,  more  particularly  towards 
the  extremes  of  length,  but  even  with  these  figures  it  is  possible  to  see  the  definite 
relation  between  length  and  weight.  There  is  very  little  difference  between  the  weight 
of  the  male  and  the  female  for  the  same  length.  What  difference  there  is,  is  in  favour 
of  the  female.  In  comparing  the  Nanaimo  fish  with  those  from  Neah  bay,  the  latter 
have  what  little  advantage  there  is.  In  both  Nanaimo  and  Neah  bay  material,  the 
males  are  at  the  head  of  the  list  for  size,  taking  the  whole  size  of  the  individTial  fish. 
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I.ength. 

Wek 

Nan'aimo. 

3HT. 

Neah 

Bay. 

Male. 

Female. 

Male. 

Female. 

In. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

18-5 

3-75 

3-75 

19-  

3-75 

19-5 

4- 

20-  

4-25 

20-5 

4*75 

21-  

4-62.5 

4-75 

5-5 

21-5 

4-875 

5* 

22-  

5-25 

5-25 

22-5 

5-5 

5-75 

6*5 

5 - 75 

23-  

5-875 

6- 

7-5 

23-5 

6-375 

6-375 

7-5 

24-  

6-5 

6-75 

7-25 

8-5 

24-5 

6-625 

7 • 

7-5 

8- 



7 • 

7 -25 

8- 

8-25 

25o 

8- 

8- 

10-25 

26-  

8-25 

8-375 

9- 

9-25 

26-5 

9- 

9-25 

9-5 

10- 

27-  

9*5 

11-25 

27-5 

10- 

11-5 

11-5 

28-  

9-75 

11-5 

11-5 

11-75 

28-5 

12- 

12- 

29-  

12-75 

15- 

29-5 

13- 

13- 

30-  

13-75 

30-5 

16  - 5 

31-  

13- 

summary. 

The  coho,  which  is  mature  in  its  third  year,  spends  the  entire  first  year,  with 
but  very  few  exceptions,  in  the  Vancouver  Island  region,  in  the  fresh  water.  Some 
of  them  migrate  about  the  time  the  first  year  is  completed,  but  others  remain  later, 
even  until  well  on  in  the  summer.  There  is  no  indication  that  any  remain  in  fresh 
water  to  complete  the  second  year.  The  scale  shows  a distinct  winter  check  in  the 
fresh  water  growth  and  another  in  the  sea  growth. 

The  average  length  is  3-3  inches  at  the  end  of  the  first  year,  14-3  inches  at  the 
end  of  the  second  year,  and  24  0 inches  when  caught  in  the  fall  of  the  third  year. 

There  is  an  indication  that  the  fish  that  are  largest  at  the  end  of  the  first  year 
become  the  largest  mature  fish.  Although  some  of  the  yearlings  stay  in  the  fresh 
water  longer  than  others,  it  was  not  apparent  that  this  made  any  special  difference 
m the  ultimate  size  of  the  fish. 

There  is  a definite  ratio  between  length  and  weight.  In  the  mature  fish,  the 
females  weigh  slightly  more  than  the  males  of  the  same  length. 

In  connection  with  artificial  propagation,  as  large  a portion  as  possible  for  the 
season’s  hatching  should  be  procured  from  the  early  spawning  fish  that  the  fry  may 
be  larger  at  the  end  of  the  first  year  and  consequently  larger  as  mature  fish. 

No  species  of  Pacific  salmon  should  get  more  benefit  from  rearing  ponds  than 
the  coho,  as  almost  the  whole  of  the  fry  remain  in  the  fresh  water  for  a year  in  any 
case,  and  very  few  naturally  get  the  benefit  of  accelerated  growth  in  the  salt  water 
in  the  first  year. 

From  the  standpoint  of  economy,  the  waste  caused  by  early  fishing  can  readily 
be  appreciated  when  the  great  percentage  increase  in  weight  during  the  summer 
months  of  the  third  year  is  taken  into  account. 
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EXPLANATION  OF  PLATES. 

I ‘LATE  V. 

Fig.  1.  Coho  scales  in  early  stage  of  development. 

" 2.  Scale  from  a coho  in  the  fall  of  the  second  year. 

“ 3.  Scale  from  a coho  in  the  spring  of  the  third  year. 

Plate  VI. 

Fig.  4.  Scale  of  mature  filsh  in  fall  of  third  year. 

" 5.  Centre  of  scale  more  highly  magnified  to  show  winter  check  in  fresh  water  growth. 

Plate  VII. 

Fig.  6.  Scale  of  coho  that  migrated  as  fry. 

■'  7.  Centre  of  previous  scale  more  highly  magnified. 

Graphs. 

Fig.  8.  Freciuency  curve  for  first-year  growth. 

“ 9.  “ “ second-year  growth. 

“ 10.  “ “ third-year  growth. 

“ 11.  “ “ length  at  the  end  of  the  second  year. 

12.  “ “ length  of  mature  fish. 

“ 13.  “ “ amount  of  growth  in  fresh  water. 


Plate  v. 


Coho  Salmon. 


PTATE  VI. 


Plate  vii. 


No  of  Individual  of  I„<iividui\s 


Length  inlrvcKes 

Fig.  8.  Coho.  Frequency  curve  for  nrst-year  growth. 


I.ength  in  inches 

Fig.  9.  Coho.  Fretjuency  curve  for  second-year  gJowth. 


IndividiL&Ls  No  oi  Individuals 


Fig.  10.  Coho.  Froquency  curve  for  third-year  growth. 


Length  in  Indies 

Fig.  11.  Coho.  Frequency  curve  for  length  at  the  end  of  the  second  year. 


SSa— 4 


Nj.  oi  JndwictuaU  No  oi  lnJivuiuii« 


Fig.  12.  Coho.  Frequency  curve  for  length  of  mature  fish.  t 
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Fig.  13.  Coho.  Frequency  curve  for  amount  o/  growth  in  fresh  water. 


7 GEORGE  V 


SESSIONAL  PAPER  No.  38a 


A.  1917 


AN  INVESTIGATION  OF  OYSTER  PROPAGATION  IN  RICHMOND  BAY, 

P.E.I.,  DURING  1915. 

BY  JULIUS  NELSON^  PH.D.,  BIOLOGIST. 

New  Jersey  Agricultural  Experiment  Station. 

At  the  ro  (Uest  of  the  Biological  Board  of  Canada,  the  writer,  during  August,  1915, 
turned  aside  from  his  oyster  studies  in  New  Jersey  waters  to  investigate  the  oyster 
situation  in  Richmond  bay.  Prince  Edward  Island.  A study  of  a region  so  remote  from 
a locality  hitherto  familiar,  gave  promise  of  furnishing  data  that  would  help  in  dis- 
tinguishing between  local  and  “ essential  ” influences  in  oyster  propagation. 

The  ultimate  object  of  these  studies  is  the  promotion  of  the  oyster  industry,  both 
as  a fishery  and  as  oyster  culture.  It  is  an  effort  to  conserve  and  to  increase  food 
resources,  creditable  alike  in  those  who  investigate,  those  who  direct,  and  all  who  in 
any  way  encourage  such  researches. 

PART  I.— GENERAL  PRINCIPLES  OF  OYSTER  CONSERVATION  AS 

APPLICABLE  TO  CANADA. 

The  oyster-bearing  waters  of  Eastern  Canada  are  practically  confined  to  those  bays 
of  the  gulf  of  St.  Lawrence  that  indent  the  coast  of  Prince  Edward  Island,  and  the 
adjacent  shores  to  the  south  and  west,  viz..  Cape  Breton  and  the  province  of  New  Bruns- 
wick. Farther  south,  the  coast  is  now  practically  barren  of  living  oyster  beds  for  a 
thousand  miles,  i.e.,  along  southwestern  Nova  Scotia,  the  bay  of  Fundy,  and  the  gulf 
of  Maine  practically  in  its  entire  extent  to  Cape  Cod.  That  this  coast  was  once  prolific 
in  oysters,  though  more  sporadically  than  further  south,  is  shown  by  the  existence  of 
oyster  reefs  recently  fossilized,  of  ancient  shell-heaps  and  by  the  traditions  of  colonial 
and  more  recent  history.  It  is  of  both  practical  and  theoretical  interest  to  ask,  “ What 
caused  the  extinction  of  these  oyster  beds  V’  On  the  true  answer  to  this  question  hangs 
our  conclusion  as  to  the  fate  of  the  Canadian  oyster  industry. 

One  of  the  older^  answers  to  this  question  assigned  the  cause  of  extinction  of 
oyster  beds  along  these  northern  coasts,  to  the  gradual  rising  (geologically)  of  the 
shores,  thus  finally  bringing  the  oysters  so  near  to  the  surface  that  they  were  killed 
by  wintry  frosts  and  ice.  It  may  be  surmised  that,  if  this  process  continued,  the  utter 
extinction  of  the  Canadian  oyster  beds  might  be  the  ultimate  outcome.  It  appears, 
however,  that  the  coast  is  actually  sinking;  but  the  oyster  reefs  have  been  growing 
upward  somewhat  faster  having  attained  a thickness  of  over  20  feet  and  have  reached 
as  near  to  the  surface  as  possible.  If  proximity  to  the  surface  limits  the  growth  of  an 
oyster  bed,  the  sinking  of  the  coast  has  tended  to  prolong  the  life  of  the  bed.  It  is  dif- 
ficult to  see  how  either  of  these  conditions  can  extinguish  the  life  on  an  oyster  bed, 
since  a limit  of  height  is  ultimately  attained,  where  there  is  a balance  between  recup- 
erative and  destructive  forces.  Everywhere,  the  tendency  of  oyster  beds  is  to  grow  as 
high  as  possible.  In  the  south,  the  oyster  reefs  are  exposed  at  low  tide ; the  oysters  can- 
not feed  while  uncovered,  yet  the  oysters  are  not  starved  out.  But  if  the  coast  should 
rise,  the  living  surface  of  such  reefs  would  be  killed,  while  the  oysters  at  the  edges  would 
gradually  spread  into  deeper  water.  On  the  other  hand,  the  sinking  of  the  bottom  would 
be  highly  favourable  to  oyster  growth,  provided  that  temperature  and  salinity  conditions 


1 Ingersoll’s  Report  on  the  Oyster  Industry,  1882,  Tenth  Census  of  U.  S.,  p.  25. 
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were  not  utterly  traupformed  so  as  to  pass  beyond  favourable  limits.  Tf  tbe  northern 
coast  has  been  sinkinff,  it  is  possible  that  this  has  penn'tted  cold  arctic  ciirrents  to  enter 
.some  of  the  bays,  or  to  influence  tbe  adjacent  water  that  outers  on  the  tides,  .so  that  the 
temneratiire  necessar.v  for  summer  pro]>ap:ation  fOR°  F.)  is  not  attained.  The  extensive 
shallow  flats  of  Kichmond  bay  and  other  noted  oyster-produeiuff  bays  of  the  frulf  of 
St.  Lawrence  offer  the  eouditious  favmirable  to  the  warmiufr  of  the  water  to  the  point 
needed  for  projiafratiou. 

As  re^rards  salinity,  we  know  that  oysters  flourish  best  when  situated  where  there 
is  a tidal  increase  and  decrease  in  the  salinity  of  the  water;  but  oysters  do  jrrow  in 
waters  of  ver.v  different  defrrees  of  saltness,  and  also  in  i>laees  where  there  is  remark- 
able uniformity  in  density.  AVhile  too  much  emphasis  has  been  laid  on  this  factor,  yet 
it  remains  highly  desirable  that  further  stud.v  he  made  of  the  relation  of  salinity  to 
o.vster  feeding;  but  temperature,  oxygen,  and  currents  are  of  moch  greater  significance 
in  o.vster  growth  and  ])ropagation. 

A stud.v  of  the  temperature  of  the  waters  where  oysters  are  now  extinct  would  dis- 
cover the  eau.se  of  their  extinction.  From  the  tables  of  temi)erature^  determined  b.v 
Professor  Copeland  for  Passamaquodd.v  bay,  it  is  evident  that  o.vsters  can  not  ]>ropa- 
gate  in  those  waters;  but  there  is  less  evidence  that  oysters  flourished  there  in  early 
times  than  for  some  of  the  ba.vs  of  ^faine.  Even  in  Prince  Edward  Island  there  are 
fossil  o.vster  beds  in  the  vicinit.v  of  living  beds;  thus  we  conclude  that  there  must  be 
also  other  causes  for  the  extinction  of  oyster  life. 

In  respect  to  frost,  it  is  remarkable  to  what  extent  oysters  survive  exposure  to 
freezing,  when  partially  imbedded  in  mud  and  thawed  out  gradually.  It  is  asserted 
that  where  the  water  is  so  shallow  that  the  ice  rests  on  the  bottom,  at  low  tide,  the 
oysters  are  killed  by  the  pressure,  uidess  they  lie  on  a soft  bottom,  where,  however, 
they  are  in  danger  of  being  buried.  On  the  other  hand,  a heavy  fall  of  snow  before  ice 
forms,  clogs  up  shallow  waters  and  kills  oysters  and  even  clams,  according  to  the  testi- 
mony of  intelligent  and  experienced  oyster  planters.  The  effect  of  melting  ice.  and 
especially  snow,  upon  animal  life  has  yet  to  be  studied  in  a scientific  manner. 

We  are  confronted  with  two  opposing  influences.  Shallow  waters,  especially 
when  so  free  from  grass  as  to  be  swept  by  currents,  favour  oyster  propagation  in  the 
summer,  but  are  most  unfavourable  to  oyster  life  in  winter.  Just  here  is  a situation 
that  can  be  advantageously  handled  by  the  art  of  man.  so  as  to  greatly  improve  upon 
nature;  for  the  young  oysters  produced  on  the  flats  can  be  moved  to  deeper  water 
on  the  approach  of  winter.  This  is  never  done  under  the  conditions  of  a free  or 
public  flshery.  It  is  in  the  interest  of  conservation  that  oyster  farming  be  introduced 
to  supplement  natural  production.  The  foremost  difficulty  encountered  in  this  con- 
nection is  not  our  inexperience  and  our  ignorance  of  the  proper  way  to  raise  oysters, 
so  much  as  the  opposition  of  those  who  believe  in  harvesting  what  nature  produces 
without  contributing  the  labour  of  cultivation.  It  takes  many  years  of  education 
and  the  observation  of  the  increased  harvest  resulting  from  oyster  farming,  as  well 
as  the  annually  decreasing  product  secured  by  free  fishing,  to  teach  the  oyster 
fishermen  that  it  is  to  their  interest  as  well  as  that  of  the  general  public,  to  promote 
scientific  oyster  culture. 

^lan  has  been  the  oyster’s  greatest  enemy;  although,  if  he  will  use  remedial 
measures,  he  can  more  than  counteract  the  destruction.  It  is  supposed  that  the 
disajqKia ranee  in  recent  historic  times  of  some  of  the  natural  oyster  beds  is  due  in 
large  degree  to  the  increased  amount  of  sediment  carried  into  bays  by  rivers,  on 
which  saw-mills  have  been  erected,  or  whose  drainage  areas  have  been  cleared  and 
ploughed.  Sawdust  and  sand  are  the  most  injurious  of  the  forms  of  silt;  light  mud 
is  more  readily  handled  by  the  ciliary  feeding  apparatus  of  the  oyster;  yet  when  silt 
is  present  as  a nearly  continuous  suspension  in  the  tidal  currents,  it  seriously 
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interferes  with  feedinf?,  causing  ultimate  starvation.  Silt  that  settles  may  be  abun- 
dant enongli  to  hury  oysters;  hut  even  an  exceedingly  thin  layer  deposited  on  the 
objeets  used  as  cultch  by  the  spat,  will  prevent  fixation  and  therefore  to  the  same 
degree  prevent  propagation.  Assuming  the  spat  to  have  secured  fixation,  it  takes 
proportionately  less  silt  to  smother  these  delicate  tiny  oysters,  than  will  bury  the 
adults. 

The  main  eause  of  the  destruction  of  natural  oyster  beds  in  historic  times  has  been 
improper  and  careless  fishing.  The  history  of  the  oyster  industry  everywhere  has 
shown  that  when  oyster  fishing  has  been  joursued  under  no  other  regulations  than 
those  born  of  the  wishes  of  the  fishermen  themselves,  the  natural  beds  were  rapidly 
depleted,  and  finally  exterminated,  unless  remedial  measures  were  undertaken.  Accord- 
ingly there  have  arisen  many  laws  regulating  this  fishery,  that  seem  strange  to  those 
engaged  in  private  farming.  For  example,  oysters  may  not  be  taken  from  natural 
beds  except  during  the  “open  season.’’  The  “close  season,”  during  summer,  varies 
greatly  in  its  limits  according  to  locality,  but  usually  includes  May,  June,  July,  and 
August.  Fishing  must  be  confined  to  the  hours  between  sunrise  and  sunset.  Oysters 
may  be  taken  with  tongs  but  not  with  rakes ; and  dredges  may  not  be  used,  nor  may 
oysters  be  taken  through  the  ice.  Oysters  may  not  be  sold  under  three  inches  in 
length,  and  those  smaller  than  this  must  be  returned  to  the  beds,  etc.  These  laws  are 
enforced  by  police  methods;  and  fines  and  penalties  are  imposed  for  a breach  of  their 
provisions. 

Under  private  culture  each  farmer  tries  to  promote  his  own  ultimate  best 
interests,  and  thus  also  the  public  welfare;  but  those  who  share  in  a public  fishery 
consider  only  their  own  immediate  self-interest.  They  sacrifice  their  own  future,  as 
w^ell  as  the  public  welfare.  The  oyster  laws  are  a result  of  an  honest  and  fairly  intelli- 
gent endeavour  to  conserve  the  natural  oyster  resources,  and  they  undoubtedly  partly 
succeed  in  effecting  their  object.  It  will  be  instructive  to  consider  for  a while  the 
question  of  the  depletion  of  natural  beds  and  their  conservation. 

AGENCIES  DESTRUCTIVE  TO  OYSTERS. 

It  is  a fundamental  biological  principle  that  the  agencies  that  destroy  the  indi- 
viduals of  any  living  species  nearly  balance  the  natural  rate  of  increase;  that  after 
a species  has  established  itself  in  any  locality  the  number  of  its  population  remains 
nearly  the  same  from  year  to  year,  though  the  balance  between  birth-rate  and  death- 
rate  will  fluctuate  slightly  up  and  down  as  one  or  the  other  set  of  factors  increases 
or  decreases.  For  instance,  if  food,  becomes  temporarily  more  abundant,  there  is  an 
increase  in  population,  while  a decrease  in  food  results  in  a reduction  of  individuals, 
through  starvation.  So  likewise  there  will  be  fluctuation  due  to  the  prevalence  of 
various  enemies  and  epidemics. 

Under  this  law  there  must  be  as  many  deaths  as  births ; or,  vice  versa,  the  number 
of  births  must  he  sufficient  to  make  good  tlie  loss  by  death.  Therefore,  we  can  judge 
of  the  extent  of  the  destructive  forces  by  simply  noting  the  fecundity  of  a sjiecies. 
The  oyster  is  one  of  the  most  prolific  of  all  creatures.  A single  large  “ spawner  ” 
has  been  estimated  to  produce  annually  sixty  million  eggs,  but  we  must  remember 
that  half  of  the  oysters  are  males,  and  that  there  are  many  small  oysters.  Neglect- 
ing the  very  small  “ seed  ” oysters,  ^ve  may  conservatively  say  that  an  oyster  bed 
produces  from  ten  to  fifteen  million  young  for  each  adult  present;  so  that,  if  all  lived 
and  there  were  no  further  propagation,  an  oyster  bed  would  be  ten  million  times  larger 
in  five  years.  In  spite  of  this  astounding  conclusion,  however,  the  oyster  beds  are 
being  depleted  simply  from  the  annual  removal  of  a few  hundreds  or  thousands  of 
barrels.  This  should  be  the  most  convincing  proof  that  the  natural  foes  of  oysters 
are  extraordinarily  formidable.  Then  why  may  w^e  not  believe  that  the  destruction 
caused  by  man  is  insignificant  in  comparison,  and  so  need  not  be  considered  to  have 


56 


liKl'MiTMESr  OF  THE  NAVAL  EERY  ICE 


7 GEORGE  V,  A.  1917 

any  practical  effect?  llecauao  “ it  is  the  last  straw  that  breaks  the  camel’s  back,” 
and  because  all  natural  species,  including  oysters,  exist  under  a balance.  We  have 
only  to  refer  to  the  extinction  of  the  American  bison,  which  existed  in  such  huge 
herds  on  our  plains;  or  still  better,  the  extinction  of  the  wild  pigeon,  whose  flocks  in 
migration  used  to  darken  the  skies  of  nearly  a continent  for  days.  It  is  absurd  to 
believe  that  this  species  was  hunted  until  the  last  pair  was  shot.  The  destruction  by 
the  hunter,  great  as  it  was  in  the  case  of  the  bison,  or  of  the  pigeon,  was  probably 
jlight  in  comparison  with  all  the  other  natural  enemies,  but  the  latter,  suddenly  sup- 
plemented by  man,  finally  turned  the  balance,  and  completed  the  work  after  the  hunt- 
ing ceased.  I.^3t  us  consider  some  of  the  destructive  agencies  operating  against 
oysters. 


THE  MEAMXG  OF  FECUNDITY. 

When  the  oyster  ejects  its  millions  of  eggs  into  the  water,  these  at  first  tend  to 
sink  to  the  bottom,  which  they  would  reach  in  ten  minutes  in  calm  water.  In  order 
that  the  eggs  may  develop,  they  must  be  fertilized  by  the  male  spawn  or  sperms.  The 
sperms  must  be  sufficiently  abundant  to  enable  an  average  of  three  hundred  to  cling 
to  each  egg  during  the  ten  minutes  the  egg  is  afloat.  They  must  have  been  recently 
ejected  from  the  male  oyster  or  they  will  have  died.  The  male  oyster  must  have  been 
ready  to  spawn  at  nearly  the  same  time  as  the  female,  and  must  have  lain  sufficiently 
near,  so  that  the  water  flowing  over  him  shall  reach  the  female  by  the  time  she  emits 
her  spawn.  This  is  favoured  by  the  fact  that  the  process  of  spawning  usually  takes 
several  hours  or  even  days.  We  need  to  ascertain  a good  deal  more  than  we  know 
now  before  we  can  make  precise  statements,  but  we  know  that  even  where  water  is 
in  such  favourable  agitation  that  the  eggs  are  prevented  from  sinking  to  the  bottom, 
they  must  be  fertilized  within  a (piarter  of  an  hour  to  undergo  normal  development. 
This  is  the  first  reason  for  the  enormous  production  of  eggs.  In  spite  of  losses,  vast 
numbers  of  developing  young  are  started.  As  many  as  ten  thousand  newly  hatched 
oyster  fry  or  larvse  have  been  counted  in  a single  bucketful  of  water  dipped  up  over 
an  oyster  bed.  But  this  signifies  that  there  are  other  chances  yet  to  be  taken. 

COMPETITION  WITH  PLANKTON  ENEMIES. 

After  hatching,  which  occurs  in  from  five  to  eight  hours,  the  young  oyster  swims 
80  weakly  that  the  feeblest  current  carries  it  hither  and  thither.  Indeed,  all  it  effects 
by  swimming,  is  to  reach  the  surface  and  then  to  dive  again,  and  so  keep  going  up  and 
down,  reQuiring  an  hour  to  swim  a distance  of  a few  feet.  But  the  oyster  fry  find  the 
water  is  crowded  with  minute  enemies,  such  as  Copepods  (water  fleas),  the  “veligers” 
if  the  many  snails  that  cover  the  bottom,  and  a vast  number  of  the  larvae  of  bivalves 
of  various  species,  all  capturing  everything  within  reach  small  enough  to  enter  their 
hungry  maws.  These  enemies  eat  the  young  oysters,  and  the  messmates  consume 
their  food.  For  several  weeks  the  young  oyster  has  to  run  this  gauntlet  and  obtain 
sufficient  food  to  effect  an  increase  in  volume  of  a hundredfold  before  it  attains  the 
spat  stage  in  its  development.  Great  as  has  been  the  ninefold  decimation,  yet  so  many 
survive  that,  if  clean  oyster  shells  be  planted  at  the  time  of  spatting,  as  many  as  a 
hundred  or  more  spat  may  be  caught  upon  a single  shell  almost  anywhere  upon  or 
near  an  oyster  bed. 


LOSS  BY  TIDES. 

This  great  survival  is  the  more  remarkable  when  we  reflect  that  twice  daily  a vast 
body  of  water  runs  over  the  oyster  bed  out  to  sea,  carrying  myriads  of  larvae,  and  only 
a part  of  this  water  returns.  The  astonishing  fecundity  of  the  parent  oysters  suffi- 
ciently meets  this  loss  also.  But  the  struggle  for  life  has  not  yet  ended. 
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THE  QUEST  FOR  CUUTCH. 

Unless  man  has  placed  clean  ciiltch  in  the  water,  nature  provides  only  the  old 
.shells  of  dead  oysters,  mostly  huried  in  mud,  or  the  outsides  of  the  living  oysters. 
These  and  other  exposed  shells  are  more  or  less  covered  with  slime,  silt,  and  mossy 
growths  of  both  animal  and  vegetable  nature.  Millions  of  other  larva;  also  needing 
cultch,  such  as  “deckers,’’  “jingles,”  “barnacles,”  etc.,  have  pre-empted  the  best 
places  and  are  busy  feeding  on  every  living  thing  they  can  swallow.  Worst  of  all, 
through  the  open  valves  of  the  older  oysters  and  of  mussels,  clams,  etc.,  currents  of 
water  flow,  bearing  all  sorts  of  plankton,  presumably  also  oyster  fry,  to  be  used  as 
food.  How  small  a chance  these  fry  have  of  escaping  and  finding  a foothold ! If 
they  cannot  fixate  they  are  doomed  to  destruction.  But  vast  numbers  do  find  a 
foothold  and  do  succeed  in  growing,  and  crowding  each,  other,  and  competing  with 
all  the  other  oysters  for  food.  In  this  struggle  the  survivors  ultimately  overgrow 
and  smother  the  previous  generations.  Great  as  is  the  loss  through  crowding,  it  is 
exceeded  by  or  anticipated  by  an  earlier  destruction,  sometimes  including  all  the  spat 
on  most  of  the  shells. 


THE  ENEMIES  OF  GROWING  OYSTERS. 

The  numerous  little  Hassa  snails  are  constantly  exploring  the  surfaces  of  shells 
and  scraping  off  all  the  newly  set  spat.  Those  that  escape  may  reach  the  size  of  a 
fingernail,  and  then,  along  comes  a boring  snail  and  drills  a hole  through  them,  or  a 
crab  nips  them  off,  or  mud  stirred  up  by  storm  smothers  billions  in  a day,  or  the  frosts 
of  winter  kill  them.  Later  come  the  starfishes  opening  the  oysters  by  their  patient 
pull,  or  bottom  fishes  may  crush  them  in  their  paved  jaws  and  throats.  Last  of  all, 
man  comes  with  tongs,  and  rakes,  and  dredges,  and  takes  the  few  survivors.  Thus 
ends  this  eventful  history.  The  fisherman  then  wonders  why  the  Creator  doesn’t 
supply  new  oysters  the  next  season  to  replace  those  taken : usually  the  best  answer 
given  to  this  question  is  to  bow  in  meek  submission  to  Providence. 


CONDITIONS  FOR  PROPAGATION. 

A little  insight  into  oyster  biology  should  enable  any  one  to  see  that  the  production 
of  oysters  depends  on  the  co-operation  of  four  conditions,  viz : (1)  suitable  cultch, 
(2)  in  waters  stocked  with  a sufficient  number  of  spawning  oysters,  (3)  lying  close 
enough  to  ensure  fertilization  of  the  eggs,  (4)  on  a bed  sufficiently  extensive  to  fill 
the  water,  over  a considerable  area,  with  oyster  plankton  to  such  a degree  as  to  over- 
balance the  larval  mortality. 

When  the  large  oysters,  which  furnish  the  bulk  of  the  spawn,  are  yearly  removed, 
as  well  as  the  cultch  to  which  they  are  attached  (including  the  young  oysters  attached 
either  to  them  or  to  the  cultch),  then  the  bed  is  robbed  in  three-fold  degree,  viz.,  the 
cultch  is  decreased,  the  large  spawners  become  fewer,  and  the  “ rising  generations  ” 
are  many  times  decimated.  If  the  production  of  spawn  is  reduced  to  half,  and  the 
available  cultch  to  half,  then  the  production  is  reduced  to  a quarter. 

When  shells,  hitherto  buried,  are  uncovered  by  working  on  a bed,  they  become 
available  as  cultch,  but  this  advantage  is  greatly  reduced  through  the  fact  that  much 
silt  is  scattered  upon  the  shells  by  the  very  operation  which  exposed  them.  In  oyster 
fishing,  ultimately  all  the  cultch  utilized  by  spat  will  have  been  removed,  and  then  we 
have  remaining  simply  an  oyster  reef  covered  by  a layer  of  mud,  upon  which  not  an 
oyster  can  be  produced,  even  though  a current  rich  in  oyster  plankton,  derived  else- 
where, should  flow  over  it  at  a time  when  the  fry  are  matured  to  the  sessile  stage.  Clam 
production  is  much  simpler,  for  no  cultch  is  needed. 
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STKI'S  IX  roXSKllVATIOX. 

One  uf  the  earli<‘st  step*  taken  in  most  instanees  towards  tlie  eonservation  of 
natural  oyster  beds  has  been  tlie  enactment  of  a ‘‘cull  law.”  This  compels  the  fisher- 
man to  sort  his  catch  on  the  IjciI,  throwing  back  the  unmarketable  material,  consisting 
of  shells  and  small  o.vsters.  The  main  advantage  secured  is  the  conservation  of  a j)er- 
centage  of  the  seed  (tysters.  d'he  spat  attached  to  the  barge  oysters  cannot  be  removed, 
while  the  shells  which  are  returned  arc  largely  silted  uj)  when  si)atting  time  comes.  In 
fact,  these  shells,  unless  newly  dug  out  of  the  mud,  re(iuire  to  weather  for  weeks, 
exposed  to  rain,  snow,  sun,  and  air  before  they  are  suitable  for  sj)at  collecting. 

It  is  evident  that  no  fisherman  would  thus  care  for  the  shells,  uidess  compelled  by 
law;  yet  it  .seems  to  the  writer  that  it  would  he  a practically  enforceable  provision,  were 
it  embodied  in  the  cull  law,  particularly  if  a market  for  these  shells  could  be  secured. 
Sometimes  the  State  has  purchased  cultch  and  placed  it  on  natural  beds;  hut  this  prac- 
tice was  abandoned  for  two  reasons:  the  cost  of  the  work  was  greater  than  under 
private  enterprise;  and  the  Government  felt  it  was  making  a gift  to  a special  class. 
Where  oyster  farming  prevails,  the  planters  would  buy  this  cultch,  particularly  in 
tliose  regions,  where  shells  are  scarce  because  no  shucking  operations  are  carried  on. 
Xow  that  oyster  culture  is  under  way  in  Canada,  the  securing  of  cultch  is  a matter  of 
great  concern.  It  appears  that  the  most  available  supply  must  come  from  a sorting  of 
the  so-called  “ mussel-mud  ” dug  out  of  dead  oyster  reefs.  The  firmest  of  these  shells, 
which  are  often  of  large  size,  when  washed  clean,  are  good  collectors.  But  no  cultch 
shoidd  be  planted  until  spatting  has  just  begun.  Happily,  scientific  oyster  research 
has  in  recent  years  enabled  us  to  closely  determine  this  date;  but  important  matters 
are  still  to  be  cleared  up. 


THE  RATE  OF  PRODl'CTIOX  OF  A BED. 

The  legal  restrictions  imposed  on  the  fishermen  have  the  object  of  conserving  the 
natural  oyster  production.  The  cull  law  helps  this  in  a measure.  Another  prominent  ;• 
legal  ijrovision  is  the  “ close  season  ” during  summer,  when  no  oysters  are  permitted  to 
be  taken,  because  it  is  believed  that  the  spawning  oysters  should  not  be  disturbed,  nor 
the  cultch  be  littered  with  silt  by  fishing  operations.  This  “ close  season  ” has  been  ’ 
lengthened  from  time  to  time,  at  both  ends,  by  shortening  the  “open  season,”  in  order 
to  reduce  the  number  of  oysters  taken,  it  being  believed  that  the  l>ed  is  unable  to 
supply  oysters  in  quantity  equal  to  the  demand.  It  is  doubtful  if  this  provision 
becomes  effective  unless  made  so  drastic  as  to  practically  deprive  the  fisherman  of  his 
means  of  living. 

When  these  enactments  fail,  more  drastic  measures  are  advocated,  such  as  the  « 
closing  of  the  oyster  beds  for  a number  of  years,  until  nature  has  had  time  to  restore 
tbem.  But  such  legislation  is  founded  on  a failure  to  grasp  a fundamental  principle,  * 
to  wit,  a depleted  oyster  bed  will  be  restored  at  a rate  dependent  on  the  percentage 
of  available  cultch  multiplied  into  the  available  spat.  Assuming  that  there  are  still 
enough  oysters  remaining  to  produce  a fair  abundance  of  spat,  and  that  there  are  ' 
]<lantings  of  cultch  on  the  bed  at  the  proper  times,  then  it  will  take  five  years  for  the  1 

bed  to  reach  its  acme.  Then  if  this  bed  were  henceforth  left  undisturbed  by  man,  ' \ 

the  forces  of  destruction  and  of  natural  production  would  just  balance.  On  the  » 

other  hand,  suppose  there  was  no  planting  of  cultch,  then,  under  nature,  a depleted  • 

bed  would  take  an  indefinitely  longer  time  to  reach  its  original  condition.  In  any 
event,  after  such  a bed  has  reached  the  point  of  highest  production,  a survey  of  its 
extent  and  examination  of  an  average  square  yard  or  rod,  will  enable  one  to  calculate 
just  how  many  bushels  of  oysters  are  present.  Knowing  then  the  number  of  bushels 
that  can  be  taken  in  the  open  season,  it  can  easily  be  reckoned  how  many  years  will 
elapse  before  the  bed  again  will  be  reduced  to  a point  where  the  fishermen  c.an  not 
secure  their  average  catch.  It  should  be  evident  that  \mder  artificial  culture  the 
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milks  of  the  oysters  are  restored'  by  fresli  eultoli,  under  wliatcver  rate  the  adults  are 
removed,  so  long  as  the  remaining  oysters  furnish  sufficient  spat.  In  case  a 5 year- 
old  oyster  is  marketed,  then,  without  eulture,  if  so  large  a ])roportion  as  a fifth  of  the 
ju-oduct  oil  the  bed  be  taken  eaeh  year,  nature  would  not  be  able  to  replace  this  eoin- 
pletely,  for  reasons  already  explained,  "^'et  the  demand  on  the  restored  bed  might  be, 
so  great  that  half  of  the  oysters  would  be  removed  one  year,  two-thirds  of  the 
remainder  the  next,  plus  any  natural  increase,  and  so  on.  Thus  the  ohl  story  of 
gradual  depletion  would  be  repeated.  Tor  the  first  two  years  after  a bed  is  opened, 
the  production  would  be  double  or  treble  what  it  was  before  the  bed  was  closed,  but 
it  soon  drops  back  to  the  small  figures.  Now,  calculating  that  there  is  no  harvesting 
for  the  five  years  during  which  the  bed  has  been  closed,  and  suppose  that  in  five  years  it 
must  be  closed  again,  we  see  that  in  the  course  of  ten  .years  the  average  yearly  pro- 
duct is  equal  to  the  minimum  harvest.  There  is  no  gain  in  production,  and  the  only 
advantage  is  the  saving  of  the  oyster  bed — a bed  greatly  depleted  and  not  yielding 
its  full  capacity.  The  fact  is,  that  a natural  bed  yields  the  highest  food  production 
when  all  the  oysters  above  a certain  size  are  removed  annually,  and  an  equivalent  ot 
cultch  is  added.  But  such  a bed  gives  the  highest  possible  yield  of  o,ysters  if  it  is 
used  solely  as  a propagating  bed,  the  seed  being  sold  to  oyster  planters  to  mature 
for  market  on  ground  that  could  not  be  used  for  propagation.  This  is  an  important 
matter,  and  we  need  to  go  into  it  from  the  point  of  view  of  scientific  oyster  culture. 

Efficient  Use  of  Oyster  Ground. 

Suitable  localities  for  iiropagation  and  growth  may  in  general  be  occupied  by 
(1)  nataval  beds,  (2)  under  artificial  oyster  culture  a certain  additional  area  used 
for  propagation  and  growth,  and  (3)  an  additional  area  for  growth  only,  and  (4)  in 
a still  further  area,  oysters  might  live  for  a while  without  growth.  Area  No.  4 is 
useful  for  storage  only;  Nos.  1 and  2 are  so  nearly  alike,  biologically,  that  fishermen 
have  contended,  sometimes  successfully,  that  they  are  alike  legally,  so  that  farmers 
who  had  made  such  areas  productive,  were  robbed  of  the  fruits  of  their  labour.  When 
we  realize  that  area  No.  2 would  be  barren  but  for  the  labour  of  man,  we  must  justly 
conclude  that  from  a legal  point  of  view  they  are  radically  different  from  natural 
beds,  however  much  they  may  resemble  them  biologically. 

Assuming  that  a farmer  owns  only  areas  like  No.  3,  then  he  cannot  produce  his 
own  oyster  seed,  and  must  secure  it  in  various  degrees  of  development,  from  either 
the  fishermen  who  harvest  No.  1 or  from  farmers  who  own  areas  No.  2.  ITis  problem 
becomes  this:  Which  ventures  bring  the  best  returns,  the  purchase  and  cultivation  of 
oyster  seed  requiring  one,  or  two,  or  three,  or  four  years,  to  mature  for  market?  If 
there  is  a law  preventing  the  fishermen  from  removing  oysters  under  marketable  size 
from  natural  beds,  then  the  farmer  of  No.  3 is  dependent  on  what  he  can  secure  from 
the  cultivators  of  No.  2. 

Let  us  next  consider  the  culture  of  ground  No.  2.  As  this  is  suitable  for  propa- 
gation, the  owner  can  catch  his  own  seed  and  is  thus  independent  of  the  public  beds. 
ITis  ground  is  also  suitable  for  growth,  and  so  his  problem  is  to  find  out  which  pays 
better,  either  to  keep  the  seed  on  the  ground  where  caught,  until  it  is  marketable, 
or  to  sell  it  at  the  age  of  one,  two,  or  three,  or  four  years,  to  owners  of  No.  3.  In 
the  former  case,  his  farm  will  resemble  a public  bed,  biologically  speaking,  but  he  can 
handle  the  situation  to  his  own  best  interests,  with  his  best  judgment,  and  not  under 
the  restrictions  pertaining  to  public  fishing.  Tie  will  remove  each  year  the  right 
number  of  marketable  oysters,  replacing  them  at  the  proper  time  by  fresh  cultch. 
He  may  do  better : he  may  divide  his  ground  into  five  plots — a,  h,  c,  d,  e.  Let  a 
represent  the  plot  that  catches  the  best  set  of  spat.  Each  year,  for  four  years,  he 
will  remove  all  the  spat  from  a and  plant  them  successively  upon  b,  c,  d,  e,  respec- 
tively, roshelling  a at  the  iiropier  times.  lie  gets  no  pecuniary  returiis  until  the  fifth 
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year,  wlien  he  markets  the  entire  crop  on  h.  In  case  there  has  been  annual  spatting 
on  this  ground,  he  culls  off  the  immature  oysters  and  places  them,  not  on  c but  on 
the  plots  where  oysters  of  similar  ages  are  found.  Thus  c is  cleared  to  receive  the 
ne.xt  crop  that  is  raised  on  a. 

From  thence  on,  he  has  an  annual  income,  harvesting  one  of  his  plots  yearly  and 
replanting  from  his  seed-raising  ground. 

We  have  gone  into  this  detail  with  a purpose.  This  method  of  farming  is  the 
highest  form  of  specialization,  and  should  give  the  highest  possible  returns.  Now 
please  note  well ; each  year  the  farmer  harvests  only  one-fifth  of  his  farm,  and  one- 
fifth  of  his  growing  crops.  If  he  kept  the  entire  farm  like  a natural  bed,  taking  off 
an  annual  crop  from  the  whole  area,  it  is  evident  he  could  not  do  so  well  because  all 
the  gem^rations  would  be  intermi.xed  and  competing  on  those  parts  where  there  was 
most  propagation,  and  on  other  parts  less  favourably  situated,  the  propagation  would 
not  be  at  the  maximum  rate,  but  at  a rate  that  would  greatly  reduce  the  annual  pro- 
duct of  marketable  oysters.  At  the  very  best,  he  could  not  harvest  as  much  as  a fifth 
of  his  crop,  and  he  would  have  to  use  better  methods  than  those  now  in  use  on  the 
natural  beds,  to  keep  his  oyster  bed  from  depletion. 

Oyster  farming  resembles  truck  gardening  in  some  respects,  but  differs  in  need- 
ing several  years  to  mature  the  crop.  On  a mixed  bed,  the  best  returns  come  from 
removing  annually  as  many  oysters  as  can  be  spared,  and  not  by  introducing  a system 
of  open  and  close  seasons.  It  is  evident  that  what  is  good  treatment  for  a mixed  bed 
under  private  ownership,  wdll  be  best  for  a similar  bed  under  public  ownership.  There 
can  be  but  one  conclusion  here,  viz.,  that  if  natural  beds  are  to  be  conserved,  they 
should  be  under  the  supervision  of  an  expert,  and  should  receive  plantings  of  cultch 
at  the  proper  times.  The  expert  must  determine  just  how  many  oysters  may  be  annu- 
ally removed. 


THE  F.4TE  OF  DEPLETED  BEDS. 

I 

Under  a system  of  private  oyster  culture,  it  is  necessary  for  planters  who  have 
little  or  no  propagating  ground  to  obtain  their  seed  from  natural  beds.  This  leads 
to  an  abrogation  of  the  prohibitions  against  taking  immature  oysters.  Then  the 
fishermen  will  market  their  catch  at  home,  for  planting  in  waters  more  or  less  adja- 
cent to  the  public  beds.  The  inevitable  result  will  be  to  render  the  latter  as  barren 
as  possible.  When  both  cultch  and  oysters  are  gone,  the  bed  is  extinguished.  But 
in  this  case,  if  cultch  be  placed  on  the  bed  it  is  as  productive  as  ever,  up  to  the  limit 
of  the  supply  of  cultch.  This  is  due  to  the  fact  that  the  oysters  which  have  been 
removed  are  still  growing  and  spawning  in  neighbouring  waters,  so  that  a supply  of 
spat  is  brought  to  the  old  grounds.  The  fishermen  will  harvest  this  v-rop  of  spat,  and 
sell  to  the  planter,  or  plant  it  themselves  on  their  own  farms ; and  history  shows  they 
will  as  zealously  guard  rights  to  such  beds  as  they  formerly  did  where  they  were  con- 
fined to  harvesting  mature  oysters  only.  As  no  one  puts  cultch  on  such  beds,  it  is 
plain  that  however  much  spat  may  be  present  in  the  water  derived  from  the  private 
grounds,  the  beds  will  last  only  as  long  as  the  cultch  naturally  present  will  last,  and 
that  the  production  will  be  only  as  much  as  the  available  percentage  of  cultch  present. 
Inevitably  such  beds  become  “ barren  ” bottoms  and  open  to  leasing.  There  can  be 
only  one  way  of  escape,  and  that  is  for  the  fishermen  to  form  a co-operative  society 
to  work  the  public  beds  under  a mutual  agreement. 

But  this,  of  course,  cannot  be  done,  because  others  of  the  public  than  the  fisher- 
men, are  also  owners.  Fishermen  have  been  offered  first  chance  in  taking  out  leases 
of  what  they  considered  to  be  public  ground,  and  have  refused  because  they  know  that 
if  once  this  right  is  granted,  all  or  nearly  all  of  the  public  grounds  will  ultimately 
come  into  the  ownership  of  capitalists.  So  here  we  have  a special  phase  of  the  old 
struggle  between  capital  and  labour.  It  is  not  our  purpose  to  more  than  touch  on  the 
skirts  of  the  matter  that  is  political  rather  than  biological,  but  still  is  vitally  involved 
in  any  scheme  of  oyster  conservation. 
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THE  LEGAL  SIDE. 

Experience  has  shown  hut  one  successful  way  of  developing  oyster  resources,  and 
that  is  the  encouragement  of  oyster  farming.  The  introduction  of  oyster  culture  has 
always  met  with  opposition  from  the  public  fishermen,  and  such  opposition  has  had 
a degree  of  justification.  Usually  it  has  been  so  mingled  with  prejudice  and  short- 
sightedness, that  the  sympathy  of  the  general  public  has  been  estranged.  Theoretically, 
the  best  interests  of  the  whole  public  require  that  the  oyster  industry  should  be 
conducted  wholly  by  methods  that  have  proved  successful  in  private  farming — letting 
private  judgment  manage  business  operations,  rather  than  a code  of  regulations. 
Practically,  however,  the  best  course  to  follow  is  to  recognize  the  existence  of  public 
beds,  and  public  fishing  rights.  Such  rights  and  beds  should  be  carefully  defined, 
and  the  boundaries  of  public  beds  marked  in  a clear  and  simple  manner,  even  though 
some  barren  bottoms  should  be  included.  Only  by  extreme  or  radical  measures  can 
natural  oyster  beds  be  preserved.  But  where  oyster  culture  is  successful  there  is 
less  necessity  for  conserving  such  beds.  The  public  oystermen  have  endured  a sur- 
prising amount  of  restrictive  legislation,  supposed  to  be  as  much  for  their  interest  as 
that  of  the  public.  Under  our  larger  view  of  the  oyster  question,  the  fishermen  might 
be  given  more  freedom  and  influence  in  shaping  the  regulations  for  the  use  of  the  public 
beds.  Restrictions  should  primarily  have  in  view  the  protection  and  encouragement 
of  oyster  culture,  in  which  the  real  public  interests  inheres.  Efforts  should  be  made 
to  secure  impartial  justice  for  all.  A mutual  obligation  rests  on  both  fishermen  and 
farmers,  to  respect  each  others’  rights.  Those  who  wish  to  frame  the  wisest  laws, 
seeking  for  harmonious  co-operation  between  these  conflicting  interests,  are  advised 
to  study  the  history  of  oyster  legislation  in  as  many  states  and  countries  as  possible. 
There  will  be  found  a variety  in  details,  resting  on  local  conditions,  and  a similarity 
in  general  principles,  resting  on  biological  grounds. 


THE  DECLINE  IN  THE  CAN.VDIAN  OYSTER  PRODUCTION, 


That  oyster  production  in  Canada,  and  particularly  in  Prince  Edward  Island, 
has  steadily  been  decreasing  is  evident  from  statistics.  See  “ Table  showing  the 
aggregate  quantities  of  oysters  caught  in  the  Dominion  since  1876,  compiled  from 
annual  reports  of  the  Department  of  Fisheries,”  given  on  page  47  in  the  report  of  the 
Dominion  Shellfish  Fishery  Commission,  1912-13.  In  this  table  we  note  a curious 
back-and-forth  fluctuation  from  year  to  year;  but  if  the  entire  series  of  years  be 
divided  into  five-year  periods,  and  the  annual  product  be  averaged  for  each  five-year 
period,  or  semidecade,  the  annual  catch  in  barrels  is  as  follows ; — 


Periods. 

Years. 

New 

Brunswick. 

Nova 

Scotia. 

Prince 

Edward 

Island. 

Proportion 
for  P.E.I. 
Per  cent  of 
whole. 

(1) 

1876-1880 

9,724 

1,172 

17,020 

60 

(2) 

1881-1885 

12,765 

1,652 

34,644 

70 

(3) 

1886-1890 

20,426 

2,049 

36,379 

60 

■(4) 

1891-1895 

17,434 

3,327 

30,622 

60 

(5) 

1896-1900 

18,740 

2,150 

22,735 

50 

(6) 

1901-1905 

12,854 

1,517 

19,860 

60 

(7) 

1906-1910 

16,564 

1,597 

10,583* 

30 

1911-1912 

15,436 

2,090 

8,835 

35 

• For  1907-8,  the  quantity  credited  to  Prince  Edward  Island  was  only  1,672  barrels. 
Leaving  that  year  out,  the  average  for  the  remaining  four  years  becomes  12,811  barrels,  which 
is  40  per  cent  of  the  average  total  credited  to. the  Dominion  for  the  same  period. 
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The  tliird  period  pliows  a inaxiniuin  of  oyster  prodnetioii  in  tlie  Dominion,  and  also 
in  tlio  two  main  oyster-jirodneiiif;  provinees.  The  decline  hejran  in  the  middle  of  tlie 
fourth  period,  mainly  in  Prince  Edward  Island,  which  led  in  production  nj)  to  1900, 
when  it  sank  to  the  level  of  Xew  Brnnswck.  Thenceforth  it  fell  l)ehind  until  its  pro- 
duction reached  only  half  of  the  i)rovince  of  Xew  Brunswick.  The  decline  in  the  latter 
j>rovincc  from  the  maximum  has  been  little  more  than  20  per  cent  with  SO  per  cent 
decline  in  the  island  province.  This  difference  in  the  rate  of  depletion  has  been 
explained  as  due  to  two  main  influences:  the  prreater  demand  for  the  island  product 
and  the  discovery  of  new  beds  in  Xew  Brunswick,  when  .several  of  the  older  beds  were 
fished  out. 

It  is  intere.sting:  to  read  the  summary  of  the  reports  of  various  inspectors  and 
experts  from  1808  onward,  given  in  Ernest  Kem])’s  “ d'he  Oyster  Fisheries  of  Canada,” 
1899.  The.se  reports  sound  a uniform  warning  that  the  Canadian  oyster  industry  was 
in  danger  of  complete  destruction  unless  pro])cr  measures  were  taken  to  conserve  it. 
The  deeline  in  the  industry  has  not  been  so  keenly  realized  by  the  fishermen,  because 
the  price  of  oysters  has  increased  proportionately.  This  fact  augurs  seriously  for  this 
industry.  Oysters,  even  when  cheap,  are  considered  somewhat  of  a luxury,  and  a rise 
in  price  must  tend  to  exclude  them  more  and  more  from  the  menus  of  the  middle 
classes;  while  at  the  same  time  the  importation  of  foreign  oysters  must  increase.  The 
Canadian  fisherman  has  relied  for  the  protection  of  his  interests  on  the  superior  quality 
of  his  oysters;  but  this  superiority  is  threatened  in  two  ways:  fir.st,  it  has  become  neces- 
sary to  market  oysters  from  beds  that  do  not  produee  them  of  the  highest  quality;  and 
second,  by  the  attempt  of  planters  to  grow  imported  seed  in  Canadian  waters,  in  the 
hope  that  they  will  attain  the  citizenship  at  least,  or,  if  possible,  attain  the  quality  of 
the  home  product.  This  “ American  ” seed  is  sometimes  of  inferior  quality  and, 
although  it  certainly  improves  under  cultiA’atiou  in  more  southern  waters,  it  lies  dor- 
mant for  a long  time,  without  growth,  when  transidanted  to  the  northern  beds.  Accord- 
ing to  the  claims  of  the  fishermen,  with  whose  product  these  oysters  compete,  when 
sold,  it  injures  their  market  by  giving  the  oysters  from  their  locality  a bad  reputation. 

The  cultivation  of  foreign  oysters  in  Canadian  waters  is  of  considerable  scientific 
as  well  as  practical  interest.  From  the  slight  evidence  at  hand,  we  conclude  it  will 
take  more  than  a year  to  acclimate  Connecticut  seed  in  Canada,  before  growth  begins. 
It  will  take  a correspondingly  longer  time  to  impress  the  Canadian  quality  upon  these 
oysters  after  growth  begins.  It  will,  therefore,  be  wise  to  import  this  seed  as  young  as 
possible  to  secure  the  best  results.  It  is  still  somewhat  doubtful  whether  the  Canadian 
oyster  may  not  be  a distinct  variety,  breeding  true  to  its  kin<l.  The  Canadian  oyster 
spat,  at  the  time  of  fixation  to  cultch,  is  a fourth  larger  than  the  spat  in  the  corre- 
sponding stage  of  development  in  Xew  Jersey  waters.  Whether  this  difference  is  due 
to  environment  or  is  inherent,  remains  to  be  settled  by  exix'rimeiital  observations. 
Oysters  usually  show  improved  quality  in  colder  waters,  due  largely  to  the  shortness  of 
the  spawning  season.  While  it  is  interesting  to  note  the  outcome  of  attempts  to  cul- 
tivate “ American  ” oysters  in  Canada,  it  w'ill  be  wisest  for  the  Canadian  planter  to  do 
all  he  can  to  promote  the  production  of  the  native  seed. 

PART  II.— OYSTER  PROPAGATIOX  SURVEY  OF  RICIOIOXI)  BAY',  P.E.I. 

In  presenting  the  following  synopsis  of  observations  made  in  Richmond  hay  we 
wish  to  call  attention  to  the  fact  that  there  are  many  points  in  the  life  and  habits 
of  oysters  and  their  young  that  are  yet  unknown  and  which  should  be  known  in  order 
to  make  the  proper  applications  to  economic  problems.  Aiming  to  make  our  investi- 
gations throw  light  upon  these  other  matters,  at  the  same  time  that  wc  attempt  to  be 
as  practical  as  possible,  the  work  of  survej'ing  so  extensive  an  area  as  that  of  Richmond 
bay  by  the  methods  developed  by  our  previous  experience,  introduces  much  complexity. 
'I'here  were  so  many  things  that  sliould  receive  simultaneous  attention  that  much  was 
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crowded  out  or  luissod,  wliicli  deiiiiiiids  a more  specialized  iiivestipratiou.  Laekin'jr 
previous  familiarity  with  this  cousiderahle  expanse  of  water,  it  seemetl  best  to  get  as 
broad  a view  as  possible  of  the  coiiditious,  from  wbieb  departure  could  be  made  in  any 
special  direction,  as  the  findings  iniglit  suggest. 

DKSCKIPTIOX  OF  METlIon.S. 

The  most  important  ])rocedure  is  the  determination  of  the  oyster  “ plankton,” 
i.e.,  the  young  “fry”  in  the  water,  which  furnishes  the  “setting”  of  “spat.”  This 
study  was  prosecuted  by  the  use  of  a net  made  from  the  finest  bolting  silk.  Counting 
out  Sundays  and  stormy  days,  plankton  studies  were  made  on  eighteen  days,  at  an 
average  rate  of  fifteen  per  day  and  a maximum  of  more  than  twice  that  figure.  The 
Tiet  gathers  a vast  number  of  many  kinds  of  larva? — bivalves,  univalves,  water  fleas, 
etc.,  and  as  it  is  necessary  to  sort  the  oyster  larvic  out  from  each  sample,  under  a 
microscope,  and  count  and  measure  them,  the  work  is  nervously  strenuous  and  time- 
consuming. 

Our  procedure  consisted  in  straining  apiiroximately  known  quantities  of  water 
through  the  plankton  net,  and  then  to  “wash”  the  “catches”  into  a series  of  wide- 
mouthed bottles  containing  sufficient  formalin  to  kill  the  larvse,  so  that  they  would 
all  settle  to  the  bottom.  After  a number  of  such  samples  were  collected,  the  boat 
was  run  into  the  nearest  quiet  harbour,  where  the  sediment  in  the  bottles  was 
examined  in  partial  lots,  until  the  entire  amount  in  each'  bottle  had  been  sorted 
by  the  methods  developed  in  our  previous  researches. 

The  samples  were  collected  in  the  following  ways : — 

(1)  Dipping  water  in  the  net  while  the  boat  was  under  full  headway,  the 
average  rate  was  two  samples  per  mile,  each  of  20  quarts  of  v/ater. 

(2)  Dragging  the  net  back  and  forth  by  hand  a definite  distance  and  number  of 
times  while  the  boat  was  stopped.  This  is  called  “ swinging  ” the  net. 

(3)  Towing  a definite  length  of  time,  say  a minute  under  reduced  speed. 

(4)  By  means  of  a cylinder,  devised  with  valves  for  this  purpose,  into  which  the 
net  was  fitted,  we  secured  samples  at  definite  depths,  or  determined  the  vertical 
distribution  of  the  fry  by  lifting  the  net  through  a fixed  distance,  a definite  number 
of  times. 

We  thus  endeavoured  to  make  our  determinations  quantitative  as  well  as  quali- 
tative in  character.  The  point  from  which  we  set  out  each  morning,  and  to  which 
we  returned  each  evening  was  Malpeque  wharf.  We  were  farthest  from  home  each 
day  at  noon,  and  samples  were  taken  as  opportunity  offered  on  the  return  route  as 
well.  We  are  desirous  at  this  point  of  the  narrative  to  express  our  thanks  and  hearty 
appreciation  for  the  kindly  courtesies  extended  by  Prof.  A.  D.  Robertson,  the  use  of 
whose  boats  and  other  equipment  we  shared;  doubtless  at  times  at  a sacrifice  of  his 
convenience,  at  least,  he  being  engaged  in  studying  oyster  growth. 

LOCALITIES  EXAAIIXED. 

For  purposes  of  location  and  orientation,  the  following  descripton  of  Richmond 
bay  is  given;  This  bay  is  a considerable  southward  indentation  from  the  gulf  of 
St.  Lawrence,  of  the  north  shore  of  Prince  Edward  Island.  The  coast  at  this  point 

trends  northwest,  thus  the  western  shore  of  the  bay  is  one  and  a half  times  longer  than 
its  eastern:  A sandbar  10  miles  long  separates  the  bay  from  the  gulf,  and  limits  its 

outlet  to  a channel  a mile  wide  situated  at  the  northern  terminus  (cape  Aylesbury) 
of  the  eastern  shore.  Each  shore  has  three  considerable  indentations.  On  the  east, 
most  northerly  is  Darnley  basin,  next  comes  Shipyard  basin,  and  at  the  head  of  the 
bay  is  Chichester  cove.  On  the  west,  situated,  correspondingly  are  Bideford  river. 
Grand  river,  and  Bentinck  cove. 
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Confining  one’s  attention  to  the  channel  or  deeper  parts  of  the  bay,  the  tide  enter- 
ing north  of  cape  Aylesbury  sends  a small  branch  southward  into  Darnley  basin.  The 
main  portion  flows  west  at  the  southern  end  of  the  bar  between  Royalty  point  and 
“ Fish  ” island.  Three  miles  west  from  Aylesbury  the  tide  strikes  Horseshoe  shoals 
and  spreads  thence  in  three  directions:  (1)  northwestward  for  4 miles  to  enter  the 

mouth  of  Bideford  river,  between  Hog  island  and  Bird  island  on  the  east  and  Gilles 
point  on  the  west;  (2)  the  southwestward  tide  flows  2 miles  to  “Ram”  island  shoals 
where  it  bends  south  and  southeast  around  Ram  island  on  a 6 mile  course  into  “March 
water,”  and  eastward  into  Shipyard  basin,  to  Malpeque  wharf;  (3)  the  central  portion 
of  the  tide  on  Horseshoe  shoals  continues  westward  for  3i  miles  to  North  Bunbury 
shoals.  Part  of  it  continues  on  for  5 miles  farther,  passing  north  of  Charles  point  to 
reach  Grand  river.  The  main  portion  of  the  tide,  3 miles  wide,  turns  south  between 
Charles  point  and  Bunbury  island.  Four  miles  to  the  south  it  runs  between  Beech 
point  on  the  east  and  Bentinck  point  on  the  west,  and  enters  the  head  of  the  hay, 
where  it  ends  in  three  divisions,  viz.,  Bentinck  cove  on  the  west,  Chichester  cove  on  the 
east,  and  M’^ebber  cove,  with  Barbara  Weit  river  on  the  south,  8 miles  from  North  Bun- 
bury shoals. 

Apart  from  its  estuaries,  Richmond  bay  may  be  conveniently  divided  into : f 1)  an 
outer  section  or  Lower  bay,  lying  east  of  a line  drawn  from  Ram  island  northward  to 
Hog  island,  but  this  line  should  curve  westward  far  enough  at  its  middle,  to  include  all 
of  Horseshoe  shoals;  (2)  an  inner  section  or  “ Upper  bay,”  lying  south  of  a line  drawn 
due  west  from  Beech  point  to  the  cliffs  north  of  Bentinck  point;  (3)  a middle  section, 
between  the  other  two,  that  we  may  designate  as  the  “ Central  portion.”  The  southern 
half  of  this  section  is  split  into  two  by  Curtain  Islands  shoals,  which  extend  nearly  4 
miles  northwestward  from  Beech  point.  Bunbury  island,  situated  near  the  northern 
extremity  of  these  shoals,  marks  closely  the  geographical  centre  of  the  bay.  We  shall 
confine  the  term  “ Central  bay  ” to  the  portion  north  of  Bunbury.  The  part  west  of 
the  shoals,  from  its  shape  may  be  called  the  “ quadrangle,”  that  to  the  east  is  “ !March 
water.”  The  Upper  bay  empties  mainly  into  the  “ quadrangle,”  but  some  water  flows 
over  the  shoals  into  March  water,  which  in  turn  also  partly  spills  over  Ram  Island 
shoals  into  the  Lower  bay.  The  “ Central  bay  ” receives  the  Bideford  from  the  north, 
Grand  river  from  the  west,  the  quadrangle  from  the  south,  and  March  water  from  the 
southeast,  between  Bunbury  and  Ram  islands.  We  shall  consider  successively  the  data 
secured  from  a study  of  the  different  localities.  Most  attention  was  given  Grand 
river  and  March  water;  the  data  from  other  localities  are  fragmentary. 

BIDEFOHD  RIVER. 


This  river  from  the  head  of  navigation  to  Gilles  point  is  6 jnilcs  ^ong.  Trout 
river  enters  it  in  the  south,  and  a strait  called  the  narrows,  lying  between  Lennox  island 
and  the  mainland,  enters  from  the  north.  The  lower  part  of  the  river  is  bounded  on 
the  northeast  by  Lennox  and  Bird  islands,  and  it  empties  into  the  Central  bay  in  con- 
junction with  the  waters  of  a large  shallow  lagoon  that  lies  east  of  Lennox  and  Bird 
islands  and  west  of  the  sandbar.  The  southern  end  of  this  lagoon  is  bounded  by  Hog 
island,  near  which  are  oyster  beds  that  owe  their  existence  to  the  influence  of  the 
adjacent  flats,  in  warming  the  ebb  tides. 

At  the  northern  end  of  the  widest  part  of  the  Narrows,  on  August  6,  a few  oyster 
fry  were  found  in  20  quarts  of  water  of  1,021  density,  70°  F.,  the  largest  being  160 
microns^  in  diameter. 

At  head  of  navigation  in  Trout  river,  August  17,  during  rain,  high  water  was 
1015  at  72°  F.  Vertical  sampling  of  different  parts  of  the  river  yielded  oyster  fry 
of  160  microns  to  400  microns,  at  the  rate  of  one  per  15  to  60  feet. 

1 Twenty-five  thousand  microns  equal  one  inch.  Oyster  fry  are  first  seen  at  60  microns  and 
“set"  as  spat  when  they  a.re  from  320  to  400  microns  In  diameter. 
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At  the  head  of  Upper  Bideford,  August  G,  low  water  wa.s  1010-.5  at  T-t®  F.  Four 
samplings,  each  of  20  quarts,  along  its  course  to  Trout  river,  yielded  seven  fry  of  IGO 
microns,  and  a few  at  100. 

Between  Trout  river  and  the  Narrows,  August  6,  in  water  of  1019.5  at  72°  F.,  large 
fry  were  present  at  the  rate  of  one  per  80  quarts.  August  17,  fry  were  found  of  sizes 
120,  180  to  2G0,  8G0  to  880  microns,  at  the  rate  of  one  per  60  feet  vertical,  which  means 
that  in  water  30  feet  deep,  ten  hauls  from  bottom  to  top  would  yield  five  large  fry. 

In  the  section  ofi  south  end  of  Lennox  island,  August  6,  water  was  1020  at  70°  F., 
and  only  one  large  fry  and  a few  small  ones  appeared.  On  August  17,  1019  at  70°  F., 
three  samples  gave  twelve  fry  from  160  to  400  microns,  most  being  240  microns. 

In  the  section  along  Bird  island,  August  6,  only  few  fry  present,  and  less  than 
120  microns  in  size.  On  August  17,  water  sample  1020  at  70°  F.,  gave  one  fry  of  200 
microns. 

Central  bay,  adjacent  to  Bideford  river,  August  6,  1021  at  70°  F.,  fry  less  than 
110  microns.  August  17,  near  low  point,  one  fry  180  microns,  one  240  microns. 

GRAND  RIVER. 

From  the  bridge  to  the  ferry  is  a distance  of  4 miles,  and  from  the  ferry  to 
Charles  point  is  3 miles.  The  latter  section,  2 miles  wide,  is  more  a cove  than  a river. 
From  the  bridge  to  Southwest  creek  is  nearly  a mile,  thence  to  Cross  creek  nearly  two, 
and  thence  to  the  ferry  is  a mile  and  a half.  About  half  a mile  below  the  ferry  at 
Black  point  the  river  empties  into  its  cove. 

Section  below  the  bridge,  August  6,  flow,  1018  at  72  F.;  August  14,  ebb,  1018-5 
at  74°  F.  Vertical  samples  gave  one  fry  per  20  feet,  sizes  120,  160,  320,  360  microns 
nearly  equally  abundant.  August  20,  flow,  successively  1018  at  66  F.  and  68  I.,  1017 
at  67  F.,  and  farthest  from  bridge  1019  at  68  F. ; very  little  but  sand  in  four  samples. 
Samples  on  higher  water  gave  one  per  40  feet  vertical,  one  per  10  quarts,  four  per 
minute  towing,  80  to  200  microns.  August  25,  strong  ebb,  one  fry  per  6 feet  of 
towing,  from  120  to  320  microns,  majority  240  microns.  Towing  one  minute  with 
large  No.  12  net,  gave  seventy  fry,  160  to  340  microns,  with  maxima  at  240  and  320 
microns;  small  fry  escape  through  this  net. 

Section  below  Southwest  creek,  August  14,  1019-5  at  71°  F.,  fry  one  per  2 feet 
vertical;  farther  down,  one  per  6 feet,  ranging  from  200  microns  to  smaller,  most  are 
below  160  mu.^  Half  of  oysters  dredged  are  still  filled  with  spawn.  August  20,  1018.5 
at  68  F.,  early  flood,  few  fry;  but  when  near  high,  1019-5  at  68  F.,  fry  are  abundant, 
one  per  6 feet  vertical,  one  per  5 quarts,  thirty  per  minute  towing,  ranging  from  70 
mu  to  280  mu,  mostly  below  100  mu.  Farther  down,  1019-5  at  68  F.,  one  fry  per  6 
feet  vertical,  one  per  ten  quarts,  twelve  per  minute,  90  to  360  mu.  August  21,  twelve 
samples,  1018-5  at  70  F.,  near  high,  gave  one  to  40  quarts,  up  to  nearly  one  per  quart, 
from  9 to  166  per  minute,  from  one  in  4 feet  vertical,  up  to  one  per  foot.  Sizes  run 
from  80  to  320  mu  with  four-fifths  of  them  below  110  mu,  and  some  at  200,  240,  and 
320  mu.  August  25,  half  ebb,  1020  at  70  F.,  twenty  quarts  dipped,  give  from  9 to  33 
fry,  also  at  low  1019  at  74  F.,  got  one  fry  per  2 feet  vertical,  and  34  per  160  feet  of 
towing;  sizes,  80  to  320  mu,  majority  below  120  mu,  several  at  180,  240,  and  280  mu. 
August  28,  1019-5  at  68  F.  flow;  one  fry  in  8 to  15  feet  vertical,  eleven  in  1 minute’s 
tow;  sizes,  90  to  380  mu,  with  groups  at  100,  150,  280,  320,  360  mu. 

Section  above  Cross  creek,  August  14,  1018-5  at  72  F.  Oysters  dredged  here  have 
all  spawned,  fry  abundant,  one  per  2 feet  vertical,  ranging  from  100  to  200  mu,  and 
a few  at  360  mu.  Majority  are  160  mu,  perhaps  ten  days  old.  August  20,  water  low 
flow,  1018  at  68°  F.,  few  fry  until  near  high,  1019  at  70°  F.  when  fry  are  one  per  40 
feet  vertical,  one  per  5 quarts  and  fifteen  per  minute  towing,  and  of  sizes  80  to  280 


1 The  name  of  the  Greek  symbol  for  “ microns,”  is  “ mu.” 
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mu,  with  groups  at  100,  ISO,  240  mu.  Auprust  21,  fry  nearly  fifty  ])cr  minute,  eiprht 
])er  20  quarts,  throe  i)or  10  feet  vertical;  sizes  SO  to  32(t  mu,  most  are  below  100  mu, 
a prroup  at  ISO,  a few  at  240.  Auffust  2.’),  low  ehh,  nine* to  sixty  fr>'  per  minute  towinpr, 
five  samples,  thirty  to  forty  in  20  quarts;  sizes  SO  to  380  mu,  the  majority  are  below 
12<i  mn ; <rnuii»'<  at  140.  1^0.  200.  240,  2S0.  anil  320.  Aujrust  28,  fr.v'  are  one  per  4.3 
feet  vertical,  of  sizes  00  to  340  mu,  majority  at  140. 

Section  below  Cross  creek,  Auftust  0.  a few  small  fr.v  present.  Auprnst  14.  1020  at 
70°  F..  larfrest  fry  120  mu.  Aufrust  20.  hip:h,  1010-3  at  67°  F.,  fry  SO  mu  to  320.  TTalf 
ebb.  1020  at  70°  F..  frv  at  rate  of  one  per  4 feet  vertical,  one  per  5 quarts,  ami  two  per 
minute  of  towinjr;  sizes  are  SO  mu  to  220.  Auprust  21,  fry  were  found  at  rate  of  t"  0 to 
six  per  20  quarts,  below  200  mu  in  size.  Aufrust  28.  fry  at  rate  of  three  to  nine  per 
minute  and  one  to  25  feet  vertical,  sizes  are  below  260  mu.  mostl.v  below  160  mu. 

Section  near  fcrr.v,  August  14,  1020  at  60°  F.,  fry  at  rate  of  one  per  12  feet  vertical, 
under  200  nin.  Aufrust  20,  1010  at  66° • F.,  few  fry:  at  lower  tide.  1010  .■>  at  6s°  F.. 
fr.v  at  rate  of  one  per  4 feet  vertical,  and  one  per  7 quarts,  groujied  at  100  mu,  200,  and 
230  to  280  mu. 

Grand  Kiver  Cove:  The  roughness  of  water  here  prevented  frequent  observat'on. 

August  20,  1010-3  at  67°  F.,  in  middle  of  cove,  no  fr.v.  At  cape  ^falpeqne  fCharles 
point)  1020-5  at  67° -5  F.,  fr.v  at  rate  of  one  per  10  feet  vertical,  mostly  small,  one  200 
mu.  August  21,  1010-3  at  70°  F.,  three  fry  per  20  quarts,  largest  160  mu. 


UPPER  BAY. 

AVith  the  upper  bay,  extending  7 miles  southeast  of  Charles  point,  or  south  from 
Bunbury  island,  we  shall  include:  (1)  the  ‘'quadrangle”  4 miles  north  to  south  and 

3 miles  east  and  w'est,  whose  corners  are  designated,  respectively,  by  Charles  point,  Bun- 
bury island.  Beech  point,  and  Bentinck  point;  (2)  a southern  “head,”  4 miles  north 
and  south,  5 miles  east  and  west,  which  receives  seven  tributaries,  that  will  be  reviewed 
in  circuit  beginning  on  the  northeast. 

Oyster  Creek:  August  7,  1018-5  at  74°  F.  Thirt.v  quarts  inside  the  grass  area  at 
its  mouth,  yielded  four  large  (160  mu)  and  many  smaller  fr.v.  Outside  the  grass,  the 
fry  were  few  and  small,  and  snail  larvae  numerous.  August  13,  1020  at  72°  F.,  vert’eal 
sampling  yielded  a few  small  and  one  “large”  (unequal  umbos)  fry  in  three  hauls  of 
7 feet  each. 

Chichester  Cove  and  Indian  lliver:  August  7,  1019  at  73°  F.,  in  cove,  and  1016 
at  74°  F.,  in  the  mouth  of  river.  Snails  numerous,  oyster  fry  few  and  small,  one 
“ large  found. 

Barbara  AVeit  River  and  Cove:  August  7,  1018-5  at  72°  F.  Many  snails,  few 

oyster  fr.v.  August  13,  1018-5  at  74°  F.,  samjdes  yielded  two  large  and  a few  small  fr.v. 
Xearly  all  adult  oy.sters  have  spawned,  but  some  not. 

AA'ebber  Creek  Cove,  or  AVaites  Cove:  August  7,  many  snails,  few  fry.  August  13. 
ten  hauls  in  9 feet  of  water  yielded  two  large,  four  medium,  several  small  fry.  August 
24,  twenty  hauls  of  5 feet  each  in  12  feet  of  water,  yielded  33  fry,  from  160  to  380  mu 
in  diameter,  at  ratio  of  one  per  3 feet  vertical,  and  quite  satisfactory.  Shells  were  put 
out  as  cultch  here. 

Plat  River  Cove:  August  7,  sample  was  poor  in  plankton,  1020  at  72°  F.,  in  grass 
near  cliff  west  of  AA  ebber  point.  Oyster  fr.v  more  abundant  towards  Bentinck  cove. 
August  13,  ten  hauls  vertical  in  12  feet  of  water  yielded  five  medium  fry. 

Shemody  Creek  and  Bentinck  Cove:  August  7,  in  creek,  1015  at  74°  F.,  few 

oyster  fry  here.  In  cove,  1020  at  72°  F.,  oyster  fr.v  more  abundant.  August  13.  in 
mouth  of  creek,  1020  at  70°  F.,  sample  shows  but  one  large  fr.v.  In  the  cove,  1021  at 
69  -5  F.,  vertical  sample  in  5 feet  of  water  yielded  three  large  and  three  medium. 
Farther  out,  in  10  feet  of  water,  vertical  sampling  yielded  a larva  of  240  mu. 

iWe  use  the  general  designation  of  "iarge”  for  fry  with  unequal  umbos,  "medium”  for 
those  with  prominent  equal  umbos,  and  "small"  for  those  less  than  100  mu  in  length. 
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“Head”  of  T'pj)or  Hay:  August  7,  sani])le  near  Hcntiiick  point  was  poor  in  fry. 

In  the  middle  of  tlie  bay  the  water  wiis  J020  at  74°  F.  Each  of  two  samples  contained 
a fry  nearly  ready  to  “set.”  August  24,  on  high  water,  1020  at  08°  F.,  a long  course, 
dii)pi.ng  from  Heeeh  point  towards  Wehhers  point,  yielded  hut  few  fry,  the  largest 
was  240  mu. 

The  (piadrangle  west  of  Curtain  Shoals:  August  7,  in  its  southern  portion  three 
samples  showed  many  snails  hut  no  oyster  fry.  Farther  nortli  it  was  much  the  same 
story,  only  one  large  fry  found  in  four  samples,  but  many  snails. 

Commentary  on  I7ppcr  Bay:  The  considerable  distance  of  this  part  of  Richmond 
hay  from  our  base  at  IMalpeque,  combined  with  the  roughness  of  the  “ quadrangle,” 
prevented  as  full  a study  of  this  ]>art  as  was  desirable.  Once  we  buffeted  the  waves 
quite  to  Bentinek  cove  and  were  compelled  to  return  to  shelter  east  of  Curtain  shoals, 
ddiis  sort  of  work  cannot  he  done  on  a boat  pitching  extremely.  From  the  data 
secured,  it  is  indicated  that  the  oyster  i)lankton  of  the  open  hay  is  sparse,  and  that 
it  is  only  close  to  the  broad  fiats  that  line  the  shores,  where  the  oyster  piankton  was 
fairly  abundant.  There  seems  to  be  some  correspondence  between  water  temperature 
and  oyster  plankton,  more  being  found  in  the  warmer  waters  than  the  colder  ones. 
Another  point  to  he  noticed  is  that  the  water  on  the  shore  flats,  probably  never  leaves 
the  upper  hay  on  the  ebb  tide,  but  retires  temporarily  to  the  edge  of  the  flats  to  return 
on  high  water,  and  so  the  contained  oyster  plankton  is  not  lost  from  this  cause.  This 
is  on  the  supposition  that  the  fry  do  not  themselves  have  habits  that  would  oppose 
their  transport  outwards  on  ebb  tides.  While  this  question  is  still  under  investigation 
there  is  strong  evidence  to  show  that  fry  are  more  abundant  at  the  surface  on  flow 
than  on  ebb. 

Another  interesting  point  concerns  the  snail  larvae.  These  were  extraordinarily 
abundant  in  the  Upper  bay.  The  flats  of  the  Upper  bay  are  extensively  covered  with 
grass.  We  found  snails  more  abundant  near  grass  plots  in  all  parts  of  Richmond  bay. 
We  do  not  know  whether  the  snails  feed  on  the  oyster  fry,  but  have  suspicions.  This 
matter  is  worth  investigating.  We  know  that  snails  are  enemies  of  the  young  spat. 
It  is  probable  that  these  snails  should  be  fought  in  the  interest  of  oyster  culture. 

MARCH  WATER. 

This  part  of  the  bay  is  bounded  on  the  southwest  by  Curtain  islands  and  Beech 
point.  Across  the  shoals  between  the  point  and  the  islands,  there  is  current  com- 
munication with  the  “ quadrangle  ” and  with  the  Upper  bay.  March  water  is  bounded 
on  the  northeast  by  Prince  point  and  “Ram”  island.  Across  these  shoals,  iherc  is 
water  communication  with  the  Lower  bay.  But  the  main  outlet  is  to  the  northwest, 
between  Bunbury  and  Ram  island,  into  the  Central  bay.  The  eastern  part  of  the 
March  water  section  is  the  Shipyard  basin,  at  whose  head  is  Malpeque  wharf.  Ship- 
yard river  enters  here  from  the  south.  Shipyard  basin  is  separated  from  March  water 
by  a considerable  grass  flat.  Extensive  grass  flats  also  cover  the  Curtain  Island 
shoals.  The  oyster  beds  are  mainly  near  Prince  point.  Ram  island,  north  of  Bunbury 
shoals,  and  the  channel  between  Bunbury  and  Ram  island.  Owing  to  the  fact  that 
our  home  base  was  at  Malpeque,  and  also  that  we  had  to  traverse  March  water  every 
rime  a visit  was  made  to  any  other  part  of  the  bay,  and  that  it  was  less  disturbed  by 
winds  than  other  parts,  this  section  received  more  continuous  attention  than  the  rest 
of  the  bay.  It  did  not,  however,  offer  so  rich  a plankton  as  did  Grand  river  between 
Southwest  creek  and  Cross  creek.  'We  shall  consider  our  observation  of  it  as  a whole, 
chronologically. 

August  5,  at  low  ebb,  on  “ old  dump  ” in  northern  part  of  Shipyard  basin,  1020 
at  70°  F.  A dipped  sample  yields  many  snails,  Peridinias  and  Tintinnias,  a few  large 
oyster  fry,  some  medium,  and  several  small  ones.  Similar  results  found  after  crossing 
the  grass.  On  Princetown  beds  the  snails  were  fewer,  oysters  more  numerous,  but  still 
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few  as  compared  to  the  numbers  familiar  in  our  New  Jersey  studies.  The  mussel 
and  clam  larvsc  were  more  numerous,  and  of  more  kinds  than  in  Barnejjat  bay,-  N.J. 

Auprust  G:  Three  samples  were  dipped  in  the  “basin,”  with  results  like  those  of 

yesterday.  Samples  taken  after  passing  j?rass,  between  Ram  and  Curtain  islands  and 
at  junction  with  the  Central  bay  show’  few’  small  or  medium,  oysters,  none  l^rpe,  many 
other  bivalve  larvae  and  snails.  Samples  were  again  taken  on  return  from  Bideford  and 
Grand  rivers  in  evening,  but  labels  were  lost. 

August  7 : Shipyard  basin,  before  reaching  the  grass,  one  sample  shows  one  large 
and  one  medium  fry,  and  few  small  ones.  After  passing  the  grass,  sample  yielded  five 
medium  fry  under  120  mu.  Returning  in  the  evening  from  trip  to  Upper  bay,  a sample 
taken  between  Ram  and  Bunbury  islands,  w’as  nearly  all  snails;  a sample  near  the 
grass  had  many  snails,  and  a few  oyster  fry.  In  the  Shipyard  basin  a sample  yielded 
many  small  oyster  fry. 

August  9 : Rainy,  tide  high.  In  the  channel  opposite  the  break  between  Little 

and  Big  Curtain  islands,  compared  vertical  samples  with  dipping  from  the  surface. 
The  surface  was  1021  at  G7°  F.,  and  yielded  one  large  and  one  medium,  in  20  quarts, 
and  a fair  show  of  small  fry.  The  bottom  1021  at  G8°  F.,  yielded  three  medium,  and 
some  small  fry  and  lots  of  sand.  Next  the  surface  was  sampled,  using  20  quarts  in 
alternation  with  vertical  “ hauling  ” in  the  three  uppermost  feet,  nine  samples.  Thirty 
feet  of  vertical  sampling  nearly  balanced  20  quarts  of  surface  dipping.  No  fry  larger 
than  120  mu  were  found,  and  never  more  than  one  or  two;  small  fry  were  present  in 
small  numbers. 

August  10:  Compared  dipping  with  vertical  sampling  from  bottom  to  top.  In 

20  feet  of  water  between  Bunbury  and  Ram,  and  Prince  to  Beech  points,  hauled  net, 
and  dipped  30  quarts  from  surface,  14  samples.  Obtained  two  fry  of  200  and  260  mu, 
three  to  six  medium,  and  several  small  ones.  Found  four  species  of  three  genera  of 
Peridlnida?,  viz.,  Ceratium  tripos,  C.  divergens,  Dinophysis  acuta,  and  Peridinia  sp^ 
Also  many  Tintinnus  suhulatus. 

August  11 : High  water,  and  strong  northeast  wind.  An  oyster  secured  by  dredg- 
ing in  channel  is  filled  with  immature  spaw’n.  Water  1021  at  66°  F.  Shells  obtained 
by  dredging  hold  no  spat  except  “ deckers  ” and  barnacles.  Samples  of  30  quarts  yield 
each  two  large  fry  and  tw’o  medium  ones.  Vertical  sampling  secured  one  large  fry  per 
20  feet;  also  some  medium. 

August  12,  a sample  dipped  near  Bunbury  yielded  one  medium,  and  two  smaller 
fry-  Oysters  from  Ram  Island  point  are  nearly  through  spaw’ning.  Hung  out  shell 
cultch  on  buoy  nearest  wharf,  and  sampled  water  here,  finding  one  large  and  two 
medium  fry  in  20  quarts. 

August  14,  in  channel  between  Ram  island  and  Little  Curtain  island,  water  is 
1019-5  at  68°  F.,  vertical  sample  gives  one  fry  per  14  feet,  the  largest  being  200  rau, 
but  most  are  120  mu.  In  Shipyard  basin,  at  the  buoy  farthest  from  wharf,  water  is 
1019-5  at  70°  F.,  and  vertical  sampling  yields  one  fry  per  12  feet;  one  is  360  mu,  or 
nearly  ready  to  set,  one  is  200  mu,  seven  are  120  rau.  At  buoy  nearest  wharf,  vertical 
sample  gives  one  per  30  feet,  with  largest  larva  160  mu. 

August  16,  rainy.  Made  a survey  of  March  Water  section,  at  same  time  compared 
methods  of  taking  fry.  Used  vertical  sampler  for  surface  towing,  as  well  as  for  deep 
sampling.  Between  Ram  and  Bunbury,  secured  fry  of  sizes  80,  100,  160,  200,  280  mu. 
In  line  of  Beech  point  and  Ram  island,  vertical  sampling  yielded  one  per  30  feet  of 
sizes  80,  120,  160  mu.  In  line  of  Beech  point  and  Prince  point,  vertical  sampling  gave 
one  per  20  feet  of  sizes  160,  240,  340  mu.  Towing  towards  Princetown  beds  yielded 
fry  up  to  180  mu.  On  Princetown  beds,  vertical  sampling  yielded  one  per  15  feet,  of 
sizes  110  to  120  mu,  160,  240,  320,  and  400  mu,  which  last  is  the  largest  seen,  and  also 
represents  the  largest  after  “ setting.”  A second  sample  towards  Grog  island  gave 
similar  results,  both  in  ratios  and  sizes.  A towing  sample  yielded  six  large  fry  per 
minute,  the  leading  groups  being  at  160,  240,  and  340  mu.  Small  fry  being  quite  dif- 
ficult to  separate  from  small  larvae  of  other  bivalves,  were  generally  not  counted  fully. 
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Vertical  sampling:  on  the  “ (liun])  ” yielded  one  per  30  feet,  the  largest  being  200  inu. 
Similarly,  off  Kamsey’s,  one  ])cr  2.5  feet  gave  sizes  100,  220,  and  380  mu.  Towing 
towards  the  buoys  farthest  from  the  wharf,  gave  fry  180  to  240  mu.  At  this  buoy  a 
string  of  shells  was  hung  as  cultch ; vertical  sample  here  yielded  one  per  50  feet,  of 
sizes  280  and  320  mu.  Another  sample  at  the  buoy  nearest  the  wharf  gave  same  ver- 
tical ratio,  hut  of  size  100  mu  only.  Towing  towards  wharf  also  gave  fry  of  this  size. 
Towing  towards  Shipyard  river  yielded  no  fry. 

August  17,  on  way  to  Bideford,  water  on  Little  Curtain  shoals  was  1020  at  70°  F. 
Towing  at  full  speed  between  Bunbnry  and  Bam  island,  yields  no  fry,  and  we  suspected 
that  all  were  pressed  through  net.  A northeast  storm  broke  at  11  a.m.,  and  weather 
did  not  clear  until  afternoon  of  the  19th.  Meanwhile,  we  coated  oyster  shells  with 
coal  tar  varnish  for  use  as  cultch. 

August  20,  compared  20  quarts  dipped  with  one  minute  of  towing.  On  “dump” 
no  fry  in  either  sample.  On  Princetown  beds,  fry  were  found  only  in  towing  sample, 
of  size  140  to  200  mu.  Further  along  channel  no  fry  were  found,  nor  all  the  way 
to  Cross  creek,  in  Grand  river,  a distance  of  9 miles,  and  with  one  exception  none  were 
found  in  Grand  river  until  the  afternoon,  when  the  flood  tide  came  and  there  were 
plenty.  This  suggests  that  the  fry  had  hidden  in  the  bottom  during  the  storm. 
On  return,  a pair  of  samples  taken  in  IMarch  water  between  Bam  and  Bunbury 
islands,  1020  at  68°  F.,  yielded  no  oyster  fry,  though  plenty  of  mussel  larvge  were 
present. 

August  21,  tide  ebbing  all  forenoon.  Tarred  shells  were  planted  on  Curtain 
Island  shoals  and  Bam  Island  shoals.  The  afternoon  was  spent  in  Grand  river. 

August  23,  too  rough  for  sampling,  tarred  shells  placed  on  Beilley’s  lot. 

August  24,  visited  McNeill’s  lots  off  Waites  point.  Oysters  there  had  finished 
spawning,  and  shells  one  week  planted  bore  spat  a millimeter  (1000  mu)  in  diameter. 
Tarred  shells  were  hung  out  on  these  beds.  A study  of  the  spat  on  shells  showed  that 
the  fry  set  between  320  mu  and  400  mu.  For  future  studies  of  the  spat  see  later  the 
special  section  on  “ spatting.” 

August  26,  cool  and  cloudy.  Found  water  fresh  and  at  60°  F.  at  head  of  Ship- 
yard river;  near  its  mouth  1018-5  at  72°  F.,  high  water.  Worked  in  shelter  of 
Bunbury  island  (“Big  Curtain”  island).  Made  study  of  methods  and  comparison  of 
nets  Nos.  12  and  20,  in  the  channel,  and  secured  most  variable  results : out  of  thirteen 
samples,  two  yielded  no  fry,  the  others  yielded  fry  groups  at  100,  120,  200,  240,  280,  320, 
and  360  mu,  at  a rate  of  seven  to  twenty-four  per  minute,  and  one  fry  per  6 to  30  feet, 
^lany  spat  show  on  shells  on  planted  beds.  Took  up  shells  placed  August  12  and 
August  16.  No  spat  on  latter;  one-third  of  former  bear  spat. 

August  27,  cold  northwest  wind.  Water  at  wharf  1019-5  at  66°  F.  Took  up  tarred 
shells  placed  on  Curtain  and  Bam  Island  shoals  on  the  21st,  and  also  those  planted 
August  23  on  Beilley’s  lot.  From.  Curtain  shoals  to  Beilley’s,  water  was  1020  at  68°  F. 
Secured  nine  samples  en  route,  which  were  studied  before  being  killed  by  formalin. 
We  noticed  action  of  the  long  proboscis-like  foot  of  the  mature  fry.  The  larvte  swims 
hinge  down,  with  foot  in  front  or  dragging  behind  at  will;  used  as  a feeler  to  test 
surface  for  fixation.  The  fry  secured,  yielded  sizes  of  90  to  120,  160,  220  to  240,  280, 
320  to  380  mu.  Fewest  are  near  the  Beilley  end  of  route. 

August  28,  on  Bam  Island  shoals,  1021  at  62°  F.,  a few  fry  below  160  mu  secured 
at  rate  of  one  per  30  feet.  Fifteen  quarts  dipped  had  none. 

CENTRAL  BAY. 

We  next  consider  the  northern  or  main  section  of  the  Central  bay  as  it  receives 
the  ebb  from  the  southern  sections  (viz.,  the  quadrangle  and  March  water),  as  well 
as  that  from  Bideford  and  Grand  river.  We  have  noticed  a decided  falling-off  in  the 
number  of  fry  as  this  portion  is  approached,  so  that  we  do  not  expect  much  from  its 
survey.  It  has  a considerable  number  of  more  or  less  depleted  beds  in  its  southern 
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part,  at  tlie  junction  with  the  >;outhern  divisions,  or  in  the  neighbourhood  of  North 
Jiunbury  shoals,  between  th(‘  nortlu'rn  parts  of  the  (puidrangle  and  March  Water 
section. 

August  0,  three  samples  taken  on  the  way  to  13ideford  river  showed  the  presence 
of  oj’ster  fry,  but  none  over  1'20  mu.  South  of  l.ow  point,  1021  at  70°  F.,  and  on  route 
to  Grand  river  the  same  result  was  secured,  and  also  from  Grand  river  to  March  water. 

August  7,  the  story  of  yesterday  was  repeated,  and  again  on  the  8th.  The  catch 
between  the  “ JGondike  ” bed  and  North  Bunbury  shoals  was  mostly  composed  of  snails. 
On  August  10,  at  the  west  end  of  Horseshoe  shoals,  and  therefore  on  the  line  of  junc- 
tion with  the  Lower  bay,  snails  were  few,  but  mussel  and  other  bivalve  larvie  most  abun- 
dant; few  oyster  fry  were  observed;  but  so  much  sand  was  i)resent  as  to  render  the 
examination  difficult.  On  August  17,  towing  north  of  Bunburj'  en  route  to  Bideford 
river  yielded  one  fry  Kin  mu,  on  high  water.  Farther  north,  1021  at  70°  F.,  a second 
fry  of  100  mu  turned  up,  and  a few  smaller  fry  near  Low  point.  Fry  grew  more  abun- 
dant near  the  mouth  of  Bideford  river.  August  20  eiirmite  to  Grand  river,  six  samples 
were  taken  from  North  Bunbury  to  half-way  to  cape  ^lalperiue  (Charles  point)  with 
water  1020  at  08°  F.,  and  no  fry  wore  found.  Next  day,  between  Ham  and  Bunbury 
islands,  at  the  entrance  to  March  Water  channel  the  same  story  was  repeated.  We  may 
conclude,  therefore,  that  the  main  stretch  of  Richmond  bay  proper  is  well  depleted  of 
oysters,  and  that  the  more  abundant  plankton  of  its  estuaries  and  shores  is  not  carried 
into  it,  to  more  than  a slight  extent. 

THE  OUTER  OR  LOWER  B.\Y. 

This  division  of  Richmond  bay  is  wide  in  the  we.st,  embracing  the  extensive  Horse- 
shoe shoals;  and  is  narrow  in  the  east,  where  the  deep  channel  of  Malpeque  harbour 
leads  out  between  Bill  Hook  island  and  Royalty  point  to  the  inlet.  Farther  east.  Darn- 
ley  basin  connects  from  the  south,  between  Royalty  point  and  cape  Aylesbury.  Oy^f^r 
beds  are  located  north  of  the  Horseshoe  shoals,  near  Hog  island,  south,  near  Ram 
island,  east,  in  the  “ harbour,”  and  also  at  Montgomery  point  between  Royalty  point 
and  Prince  point. 

August  5,  samples  taken  near  the  beds  of  Ram  Island  point,  and  at  the  harbour, 
were  crowded  with  mussel  and  other  bivalve  larvae,  among  which  was  a small  propor- 
tion of  oyster  larvfc,  the  large.st  being  IBS  mu;  water  1020  at  BS°  F.  In  Darnley 
basin,  1021  at  70°  F.,  low  flow,  no  oyster  larva*  were  found  either  near 
its  outlet  or  near  its  head;  but  an  enormous  number  of  Peridinias  were 
present.  August  10,  strong  east  wind  blowing  against  a strong  out-going 
tide,  between  Horseshoe  shoals  and  Ram  island,  one  frv  120  mu.  apneared.  and 
several  smaller  ones  in  30  quarts.  Vertical  sampling  of  a total  of  30  feet,  showed  fewer 
fry,  but  more  silt.  In  the  harbour,  a comparison  by  dipper  sampling,  with  vertical 
sampling,  showed  so  much  sand  that  the  determination  of  the  fry  w*as  unsatisfactory; 
so  far  as  the  evidence  went,  it  showed  the  presence  of  few’er  fry  than  farther  up  the 
bay.  North  of  the  shoals,  tow’ards  Hog  island,  the  samples  doubtfully  contained  oyster 
fry,  but  were  crowded  wdth  Peridinias;  w'est  of  the  shoals,  a few*  fry  less  than  120  mu 
w'ere  found.  August  28,  at  "Montgomery  point,  vertical  sample  show’ed  a ratio  of  one 
fr.y  per  1.7  feet,  mainly  small,  but  sizes  320  and  360  mu  w*ere  also  present. 

Commentary.  Our  samples  of  this,  and  of  the  Central  divisions  of  the  bay,  except 
March  water,  were  not  so  numerous  as  the.v  should  have  been  to  form  definite  con- 
clusions. These  parts  of  the  bay  arc  specially  difficult  of  stud.v,  except  in  calm  weather, 
at  which  time  conditions  are  also  extra  favourable  for  study  of  regions  richer  in  fry. 
Enough  has  been  learned  to  make  it  reasonably  certain  that  oyster  fry  were  abundant 
in  proportion  to  the  distance  from  the  outlet,  and  we  believe  this  is  due  to  at  least 
three  causes:  (1)  lo.ss  by  ebb  tides;  (2)  coldness  of  w’ater  near  the  inlet;  (3)  fewer 

oysters.  Even  when  the  o.vster  beds  nearest  the  central  and  lower  divisions  of  the 
bay  were  in  their  original  full  vigour,  we  believe  that  they  were  maintained  wdth  a nar- 
rower margin  of  survival  than  those  farther  away.  TTnder  the  circumstances,  it  has 
been  easier  to  dejdete  tliem,  and  will  be  correspondingly  more  difficult  to  restore  them. 
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SU->rMAKY  OF  TIIK  DTSTKIHITTIOX  f)F  OYSTKK  FKY. 

The  yield  from  20  quarts  dipi'.od  was  one  to  four  fry  iu  Ifidelord  riv'er.  one  to  ff>rty 
fry  in  Grand  river,  one  to  three  fry  in  Tipper  bay,  two  to  five  fry  in  March  water. 
One  7niri life’s  towing  yielded  2 to  IfiO  fry  in  Grand  river,  and  seven  to  twenty-four 
fry  in  ^Tareh  water.  Vertical  sampling  yielded  one  fry  in  1.5  to  00  feet  in  TTideford 
river,  one  to  40  feet  (with  majority  at  two  to  6 feet)  in  Grand  river,  one  to  24  feeft 
(average  at  10  feet)  in  Uiipcr  bay,  and  six  to  50  feet  (average  25  feet)  in  March 
water.  Grand  river  leads,  with  IMarch  water  and  Tapper  bay  struggling  for  second 
]dace.  Our  highest  record  of  two  fry  per  quart  sinks  into  insignificance,  when 
compared  with  the  several  hundreds  per  quart  w’ith  which  we  have  been  accustomed  to 
deal  in  our  New  -Jersey  oyster  investigations. 


T.\ble  summarizing  the  sizes,  iu  microns,  of  oyster  larvae,  August  5-28. 
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The  preceding  table  of  sizes  must  not  be  interpreted  without  a clear  understand- 
ing that  it  represents  a summary  of  the  records,  and  only  roughly  a summary  of  the 
actual  facts.  The  records,  as  compared  with  the  facts,  are  incomplete,  fragmentary, 
and  approximate.  They  are  incomplete  in  that  a careful  correlation  of  sizes  and 
temperatures  was  not  made,  or  where  made,  the  data  have  not  been  worked  into  the 
table;  also  incomplete,  because  the  relative  proportions  of  fr3'  at  the  different  sizes, 
though  secured  in  a large  number  of  our  observations,  have  not  been  incorporated. 
This  because  of  the  misleading  conclusions  that  would  be  derived  from  such  a colla- 
tion, in  the  absence  of  temperature  relations,  sufficiently  complete  to  be  of  scientific 
value.  The  records  are  fragmentarj",  in  that  it  was  impossible  to  secure  full  data 
from  all  the  areas,  and  we  wished  to  cover  all  the  area  even  though  it  had  to  be  done 
at  the  sacrifice  of  completeness.  The  sizes  are  approximate,  in  that  we  purposely 
used  a low-power  microscope  and  a micrometer  wdth  coarse  divisions,  for  the  sake  of 

*Sizes  noticed  but  not  counted.  Stages  are;  I.,  straight  hinge  stage,  or  “small”;  II.,  equal  umbos, 
or  “medium”;  III.  and  IV.,  unequal  umbos,  or  “large”;  V.,  ready  to  set  as  spat.  Xew  Jersey  oyster 
larvse  set  in  stage  IV.,  Canadian  in  Stage  V.  “Trans”  means  transition  from  one  stage  to  next. 
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oxfH^dition,  by  tlio  oye  of  the  fractions.  No  accuracy  beyond  10  inicron.s 

was  possible,  and  we  rarely  strove  for  an  accuracy  beyond  20  inierons.  Thus  all  our 
ineasureinents  fall  into  groups  separated  by  20  microns,  which  gives  the  false  impres- 
sion that  the  fry  were  produced  in  corresponding  broods.  There  is  no  doubt  that 
broods  do  c.xist,  but  it  is  necessary  that  the  entire  attention  be  focused  on  this  aspect 
of  things,  in  order  properly  to  establish  the  number  and  sizes  of  the  respective  broods. 
We  had  to  choose  between  covering  a small  field  of  observation  thoroughly  and 
accurately,  or  the  reverse;  and  we  deliberately  chose  the  latter  alternative,  as  the 
logical  thing  to  do,  beginning  with  the  general  and  specializing  on  such  parts  as  the 
general  survey  showed  to  be  worthy  of  additional  work.  Of  course,  a complete 
uncovering  of  oyster  biology  cannot  be  e.xpected  in  one  month  or  one  season,  hence 
the  finer  work  remains  yet  to  be  done. 

But  the  table  does  indicate  some  things  of  practical  value,  and  that  is  why  it  is 
introduced.  It  will  be  noticed  that  fry,  ready  to  set,  were  not  observed  in  fair  abun- 
dance until  August  10.  Indeed,  the  largest  recorded  for  the  5th,  10th,  14th,  and  IGth, 
represents  a regular  advance  in  growth  of  240  microns  in  twelve  days,  or  20  microns 
per  day,  which  gives  seventeen  days  as  the  minimum  length  of  life  of  the  floating 
larvae.  This  length  of  life  is  quite  to  be  expected  under  the  influence  of  the  higher 
range  of  temperature,  72  to  74  degrees,  recorded.  But  a large  proportion  of  the  fry 
exist  in  temperature  averages  of  less  than  70  degrees;  and  there  is  inde- 
pendent evidence^  showing  that  the  period  of  free  life  of  the  fry  in  Bichm  >,id 
bay  is  over  three  weeks.  It  is  not  unreasonable  to  suppose  that  some  of  the  fry  may 
grow  even  slower  than  this  rate.  The  rough  survey  marks  out  the  boundaries  of  special 
problems  that  call  for  more  accurate  researches,  on  the  rate  of  growth.  Another  feature 
indicated  by  the  table,  is  the  distribution  of  spawning.  Spawning  began  late  in  July 
or  early  August,  and  was  practically  continuous  throutrbout  the  greater  part  of 
August,  with  a climax  at  the  20th.  Not  only  does  an  individual  oyster  use  a consider- 
able period  for  ejecting  its  spawn,  but  the  individuals  on  a bed  do  not  mature  at  the 
same  time,  further,  it  is  evident  that  as  the  oyster  beds  of  the  bay  are  subjected  to 
different  ranges  of  temperature,  the  different  beds  do  not  propagate  =im.ultaneously.  It 
follows,  therefore,  that  spatting  is  also  a more  or  less  drawn-out  affair,  although  there 
are  special  favourite  days  for  spatting  as  for  spawning,  dependent  on  weather,  as 
shown  by  our  New  Jersey  researches.  These  researches  also  have  shown  tliat 
not  all  the  broods  of  fry  that  appear  successively,  reach  the  spatting  stasre 
successfully.  This  is  another  problem  demanding  research.  The  practical  aspect  of 
this  question  lies  in  the  fact  that  cultch,  to  be  most  useful,  must  be  clean,  and  to  be 
clean  must  be  placed  clo.sest  to  spatting  periods.  It  follows  that  cultch  planting  should 
be  periodic,  and  that  the  periods  should  be  regulated  by  the  general  weather  and  special 
plankton  reports  of  the  locality  proposed  to  be  shelled.  For  further  discussion  of 
spawning  and  spatting  see  those  sections  farther  on. 

TKMPKIUTUUK  SUMM.\UY. 

Temperature  is  a factor  of  supreme  importance  in  oyster  life.  The  warmth  of  the 
w'ater  depends  on  depth,  character  of  bottom,  distance  from  inlet,  direction  of  winds, 
temperature  of  the  air,  and  on  the  sunshine.  The  highest  temperature  was  76°  F., 
observed  once  on  the  flats  off  Tilton  creek;  but  74°  F.,  was  found  at  the  head  of  Bide- 
ford river,  in  Shemody  creek,  in  Indian  river,  in  the  head  of  the  bay,  in  Oyster  creek,  in 
Barbara  Weit  river,  i>art  of  the  time  at  Grand  Iviver  bridge,  and  near  Southwest  Creek 
bridge.  This  is  only  6 degrees  above  the  minimum  for  oyster  propagation,  and  the 
main  areas  of  Kichmond  bay  fail  to  reach  this  maximum.  Tims,  72  degrees  was 
recorded  in  the  upi)cr  (Jrand  river.  Trout  river.  Bideford  river,  off  Plat  river,  lower 
part  of  Shemody  creek,  and  off  Barbara  Weit  river.  Oyster  creek,  and  the  mouth  of 

1 See  Stafford.  "The  Canadian  Oy.ster,"  1913,  pp.  83  and  84.  This  excellent  memoir  is  a 
very  full  exposition  of  the  biology  of  the  oyster. 
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Shipyard  river.  Seventy  degrees  was  recorded  for  Shipyard  basin,  Darnley  basin, 
Narrows,  Bideford  river,  Shemody  creek.  Grand  river,  March  water.  Curtain  Island 
llats,  etc.  This  figure  was  recorded  more  often  than  any  other,  Init  F..  stands  next 
in  frequency,  being  recorded  not  only  for  the  deeper  and  lower  parts  of  the  bay,  as  at 
the  inlet,  IMarch  water,  head  of  Grand  River  cove,  etc.,  but  also  from  upper  Grand 
river  and  Bideford  river,  after  the  cold  winds  and  nights  of  the  latter  half  of  the 
month.  There  were  eight  instances  of  66  to  67  degrees  in  March  water  and  Grand 
river,  after  cold  weather.  August  28  the  water  at  Ram  Island  shoals  was  62  degrees. 
At  the  head  of  Shipyard  river,  where  the  water  was  quite  fresh,  it  was  60  degrees  on 
the  25th. 

At  best,  the  length  of  the  season  when  the  water  in  Richmond  bay  is  warm 
enough  for  oyster  propagation,  is  short,  and  when  the  warm  weather  of  spring  is 
delayed,  as  was  the  ease  in  1915,  the  spawning  is  shoved  into  August,  and  the  spatting 
comes  so  late  that  the  spat  secure  only  slight  growth  before  winter  temperatures  begin. 
The  late  spat  of  1914  thus  attained  only  a small  size  during  the  second  summer  of  its 
existence.  We  found  spat  in  August  from  Ram  island,  scarcely  larger  than  one’s 
little  fingernail,  that  must  have  set  the  preceding  fall. 

A question  arises  here,  to  what  extent  may  the  oncoming  cold  of  autumn  interfere 
with  the  spatting  of  the  late  broods  of  fry  which  were  the  principal  ones  this  year? 
In  more  southern  waters  we  frequently  get  a set  of  spat  in  September,  and  even 
in  October,  and  these  have  some  chance  to  grow  before  winter.  But  there  is  quite 
likely  a temperature  limit,  to  spatting  itself,  which  it  is  important  to  determine. 
The  shallowness  of  a large  part  of  Richmond  bay,  favouring  rapid  heating  of  the 
water,  is  also  favourable  to  its  quick  cooling.  If,  therefore,  the  largest  brood  of  fry 
should  be  prevented  from  setting,  there  is  an  additional  obstacle  to  the  rapid 
regeneration  of  oyster  beds  in  Canadian  waters.  This  also  has  favoured  rapid 
depletion, 

SUMMARY  OF  DENSITY  OBSERVATIONS. 

A great  deal  too  much  emphasis  has  been  laid  on  the  question  of  the  saltness 
or  density  of  the  water  in  which  oysters  may  be  expected  to  flourish.  Doubtless, 
the  admixture,  more  or  less  periodically,  of  fresh  water  with  the  salt  water,  at  the 
mouths  of  rivers,  has  a beneficial  effect,  but  the  range  of  salinity  in  which  oysters 
will  grow  is  so  great  that  the  careful  observation  of  one  or  two  points  difference  in 
reading  on  the  scale  of  the  salinometer,  is  of  little  practical,  or  possibly  even  scientific, 
value. 

While  salinity  depends  on  distance  from  inlet,  distance  up  rivers,  the  stage  of 
tide,  on  wind  strength  and  direction,  and  on  rainfall,  the  variations  and  range  of  the 
readings  of  our  salinometer  were  remarkably  small.  We  found,  in  fact,  almost  the 
• same  readings  as  obtained  at  our  New  elersey.  Edge  Cove,  station.  The  highest  record 
was  1021  found  in  Darnley  basin,  at  half  flood  (August  6),  in  the  Narrows  at  low, 
off  Low  point  at  half  flood,  in  the  channel  of  March  water,  both  top  and  bottom, 
at  high  tide  August  9 and  17,  in  Central  bay,  north  of  Bunbury,  and  in  Ram  Island 
shoals  at  high. 

A reading  of  1020  was  most  frequent,  as  in  Shipyard  basin,  August  5,  in  Malpeque 
harbour  at  low,  off  Lennox  island,  and  in  the  Narrows,  off  the  mouth  of  Plat  river, 
in  Shemody  creek  (August  7 and  13),  off  Tilton  creek,  and  in  the  Upper  bay,  both 
at  low  (August  7)  and  high  (August  24),  in  Oyster  creek  at  half  tide,  at  Grand  River 
ferry  on  high,  on  Curtain  Island  shoals,  and  the  mouth  of  Bideford  river  at  high, 
and  in  March  water  at  low  (August  20  and  27). 

Twenty  observations  gave  1019  and  1019-5  most  frequently  in  the  rivers  or  at  the 
mouths  of  creeks.  In  Grand  river,  1017,  1018  and  1018-5  were  found  not  far  distant 
from  the  bridge.  This  record  was  also  given  in  Barbara  Weit,  Oyster  creek,  and 
Shipyard  river.  A reading  of  1015-5  was  observed  well  up  Shemody  creek  at  low 
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water,  and  lOlt!  iji  Indian  river.  The  lowest.  lOl.'),  was  reeorded  at  the  head  of  Trout 
river:  the  ohscwvation  at  the  liead  of  Sliipyard  river,  whieh  was  the  only  river  that  was 
penetrated  into  tlie  parts  aeeessihle  only  at  hiprh  water,  was  exceptional.  Here  the 
salinoineter  read  1000  at  60°  F. 


SPAWNING. 

It  was  easier  to  ascertain  the  jirogress  of  spawning  from  examination  of  the 
plankton,  than  by  dredging  for  oysters  and  opening  the  same.  Dredging  on  natural 
beds  did  not  bring  up  many  oysters,  and  we  depended  on  oysters  from  planted  beds 
secured  under  direction  of  those  in  charge.  An  oyster  secured  in  March  water  on 
the  11th  was  tilled  with  immature  spawn,  but  next  day  samples  at  Ram  island  showed 
that  their  spawning  was  complet(‘d.  On  the  13th  in  Bentinck  cove  we  found 
that  spawning  was  hardly  half  through,  as  half  of  the  oysters  had  not  hemin, 
and  the  others  were  only  partly  spawned  out.  Near  the  Barbara  Weit,  on  ^McNeill’s 
beds,  however,  only  a few  oysters  contained  spawn.  On  the  14th,  in  Grand  river, 
half-way  between  Southwest  creek  and  Cross  creek,  we  again  noticed  that  half  of  the 
oysters  were  still  in  full  spawn;  but  near  Cross  creek,  all  that  we  secured  were  empty. 
Dredging  for  oysters  near  the  ferry  failed  to  secure  any  samples.  On  the  24th,  on 
^fcXeiirs  beds,  there  were  still  traces  of  spawn.  On  the  26th,  oysters  in  March  water 
were  through  spawning.  Owing  to  the  small  number  of  samples  opened,  and  few 
observations,  only  general  conclusions  can  be  drawn  from  these  observations,  viz., 
that  before  the  20th  there  was  abundant  spawn  still  present,  and  that  after  that  date 
the  oysters  were  nearly  but  not  entirely  through  spawning. 

Turning  to  the  plankton  record,  we  find  that  fry  which  were  probably  ten  days  old 
were  present  August  5,  but  oyster  plankton  was  not  abundant  until  August  14;  and 
these  fry  were  also  about  ten  days  old.  On  the  iTth  they  were  advanced  to  200  microns, 
indicating  an  age  of  about  two  weeks.  On  the  20th,  and  especially  on  the  21st,  small, 
lately  hatched  fry  were  most  abundant.  Here  Avas  a climax  in  the  spawning,  which 
probably  occurred  on  the  20th,  a fine  day  following  stormy  weather.  On  the  25th.  fry 
under  100  mu  were  scarce,  but  very  abundant  at  that  size,  and  not  yet  a week  old.  This 
day  was  a banner  day  for  showing  fry ; they  were  abundant  up  to  320  mu.  On  the  26th 
and  27th  there  was  an  increase  in  the  frj-  under  100  mu  in  size,  but  these  had  attained 
100  mu  on  the  28th. 


SPATTING. 

The  study  of  spatting  involves  the  determination  of  the.  date  of  “ setting  ” (fixa- 
tion of  the  fry  to  cultch  as  spat).  Also  a stud.v  of  the  rate  of  growth  and  of  survival; 
also  the  determination  of  the  most  suitable  culteh  and  localities  and  other  conditions 
faA’ourable  to  this  process. 

"I'lie  date  of  spatting  can  bo  fixed  by  two  independent  sets  of  evidence:  (1)  obser- 

vations on  the  presence  and  abundance  of  the  largest  fr.v  “ ready  to  set  ” in  connection 
with  the  plankton  data;  (2)  the  “lifting”  of  the  cultch,  such  as  shells,  from  time  to 
time,  and  giving  them  careful  examination,  after  drying.  Such  shells  should  be  spec- 
ially selected,  the  cleanest  obtainable,  and  preferably  have  been  experimentall.v  placed 
at  set  dates' 

From  the  table  given  a few  pages  before,  we  learn  that  fr.v  of  spatting  size  (320  to 
400  mu)  were  present  in  relative  abundance  from  August  14  to  IT,  and  on  the  24th 
and  27th.  These  fry  Avere  not  nearly  so  abundant  as  the  fry  seen  previously,  of  sizes 
260  to  320  mu.  There  Avas  a reduction  of  at  least  60  per  cent.  Part  of  this  reduction 
may  he  explained  as  due  to  the  probable  presence  of  a certain  number  on  tbe  bottom 
seeking  suitable  cultch,  so  tliat  the  net  necessarily  failed  to  catch  them.  Part  of  the 
reduction  aa’us  i)robably  due  to  destruction. 

When  fry  of  260  to  320  mu  are  comi)ared  Avith  earlier  .stages,  AA-e  find  also  a reduc- 
tion nearly  as  great,  and  Avhile  it  is  possible  that  the  fr.v  Avill  remain  on  the  bottom 
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more  frequently  ns  their  shell  fjrows  hirper,  yet  we  arc  inclined  to  place  the  responsi- 
hility  for  the  reduction  upon  destructive  ap;cneies.  It  must  not  ho  forgotten,  however, 
that  the  numher  of  fry  secured  from  the  water  is  not  a true  index  of  the  number 
present,  because  a larfje  ]iroportion  of  every  brood  of  fry  will  he  found  near  the  surface 
on  fine  days,  and  deei)or  down,  or  at  the  bottom  in  had  weather.  Hence,  the  number  is, 
to  a pcood  extent,  an  index  of  weather  variations. 

Although  the  water  may  show  fry  of  si)attinf2;  age,  it  does  not  always  follov/  that  a 
“set”  will  occur;  if  it  did,  the  task  of  foretelling  the  date  for  placing  cultch  would  be 
relatively  a simple  matter;  this  act  seems  to  require  fine  weather.  Much  work  needs 
to  bo  done  in  this  connection  before  we  shall  learn  all  we  ought  to  know,  in  order  to  be 
of  the  best  i)ractical  use,  although  what  is  alr(-ady  known  can  now  he  applied  to  advant- 
age. From  the  table  of  fry  sizes,  it  is  evident  that  spatting  was  prophesied  to  occur 
from  mid-August  onward  to  the  close  of  September,  whenever  conditions  were  favour- 
able. It  remains  to  study  the  cultch  to  fix  those  dates.  We  are  not,  however,  in  a posi- 
tion to  state  the  exact  date  of  “ setting  ” from  a measurement  of  the  spat  until  we 
know  their  rate  of  growth.  This  in  turn  cannot  be  learned  except  from  a knowledge  of 
dates  of  setting,  determined  independently.  As  much,  if  not  most,  of  the  spatting 
occurred  after  we  departed,  our  data  will  not  be  complete;  but  shell  samples  sent  us 
later  throw  some  light  on  this  question. 

We  have  seen  from  the  table  that  fry,  ready  to  set,  were  not  abundant  until  mid- 
August.  Examination  of  cultch  on  the  11th  and  on  the  13th,  as  well  as  other  dates 
previous  to  mid-August,  failed  to  reveal  the  presence  of  spat.  Experimental  cultch 
was  suspended  from  a buoy  near  ]\Ialpcque  wharf  on  the  12th,  and  on  a buoy  farthest 
from  the  wharf  on  the  16th,  on  Reilley’s  lots  on  the  23rd  and  on  Curtain  and  Ram 
island  shoals  on  the  21«t.  Part  of  the  cultch  consisted  of  plain,  selected,  hard  -hells, 
and  partly  of  shells  of  a crumbly  nature  taken  from  weathered  heaps  of  “ mussel 
ia,ud.”  Each  of  the  latter  shells  was  coated  for  two-thirds  of  its  area  from  tho  broad 
end,  with  coaltar  varnish.  The  object  of  the  experiment,  was  to  compare  the  relative 
efficiency  of  such  a surface  with  the  plain  part  of  the  cultch.  Coaltar  varnish  was 
chosen  because  this  is  used  to  cover  the  bottoms  of  boats,  and  a boat  was  shown  on 
which  a fine  catch  of  spat  had  fastened  the  previous  season,  thus  suggesting  that 
this  paint  was  attractive  to  spat.  It  is  easily  understood  why  this  boat  carried  such 
a set  of  spat.  A bacterial  slime  will  not  form  on  the  tar  because  of  its  antiseptic 
qualities;  and  other  vegetable  growths  will  likewise  be  prevented.  ]\Iany  of  the  spat 
of  other  animals,  such  as  barnacles,  might  reasonably  be  supposed  to  avoid  that 
surface,  the  coating  being  applied  to  boat  bottoms  to  keep  clear  of  such  things. 

There  is,  however,  another  factor  to  be  considered  as  present  in  the  case  of  the 
boat,  which  was  not  imitated  with  the  tarred  cadteh.  The  bottom  of  the  boat  in  the 
water  is  an  “ under  ” surface  and  not  connected  with  the  bottom.  Being  an  under 
surface,  no  silt  or  sediment  can  settle  upon  it;  and  being  unconnected  to  the  bottom, 
the  various  crawling  animals,  snails,  etc.,  would  not  be  able  to  reach  it  and  browse 
on  its  collection  of  spat.  We  note  another  fact  of  importance,  viz.,  the  paint  was 
applied  in  the  spring,  several  months  before  the  spat  set.  Thus  the  tar  had  become 
thoroughly  seasoned  and  hard,  its  soluble  parts,  creosotes,  etc.,  that  might  be  offensive 
to  spat,  had  largely  soaked  out,  when  spatting  began.  In  the  case  of  our  experimental 
cultch,  only  a few  days’  exposure  to  'the  water  was  admissible  before  the  test  occurred, 
and  the  tar  was  still  soft  where  thickly  applied. 

The  earliest  spat  observed  were  on  shells  taken  on  the  2Ith  on  ^fcXeiH's  grounds, 
near  Waites  cove.  Some  of  this  cultch  had  been  planted  a week  before,  and  some  bad 
lain  a year  on  the  beds.  Several  oysters  were  taken,  and  the  outside  of  their  shells 
was  fairlj"  well  set  with  spat.  The  average  spat  was  1000  mu  in  diameter  (which 
equals  a millimeter  or  one  twenty-fifth  of  an  inch).  These,  like  all  young  spat, 
showed  the  larval  shell  of  the  size  it  was  when  setting  occurred,  and  also  the  later 
added  spat-shell.  The  larval  shell  ranged  from  320  to  400  mu,  ami  the  sjiat  ffiell 
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n’.ade  a rim  of  75  inii  aroiin<l  its  edge.  As  most  of  the*  larva*  are  400  mu  high,  from 
tip  of  left  umbo  to  edge  of  right  valve,  it  follows  that  spat  growth  can  best  be 
indicated  by  omitting  this  “ constant  ” from  the  total  measurement,  which  will  hence- 
forth be  done. 

August  20,  the  experimental  shells  which  were  placed  on  the  12th  and  the  16th, 
were  taken  for  examination.  Xo  spat  were  found  on  the  shells  placed  August  16,  but 
a third  of  the  shells  placed  August  12,  carry  spat  up  to  a diameter  of  one  millimeter. 
As  no  spat  were  found  on  the  shells  placed  on  the  10th,  the  inference  would  be  that  the 
spatting  occurred  before  the  10th,  which,  taken  in  conjunction  with  the  fact  that  these 
spat  were  of  nearly  the  same  size  as  those  seen  August  24,  on  shells  planted  for  a week, 
leads  us  to  the  conclusion  that  in  both  cases  we  have  to  do  with  the  setting  of  r-pat  that 
showed  as  “ ready  to  set  ” in  the  plankton  of  August  14.  It  might,  however,  not  be  true 
that  the  shells  placed  August  16  failed  to  catch  spat,  because  all  had  set  that  were  ready. 
Possibly  none  were  in  the  water  at  that  point,  and  this  supposition  becomes  probable 
when  we  study  the  shells  taken  from  the  MeXutt  bed,  next  to  be  considered. 

Assuming  the  14th  as  the  probable  date  of  first  spatting,  we  get  the  tentative  result 
of  about  100  mu  growth  of  spat  shell  per  day. 

On  the  26th  we  “ lifted  ” several  oysters  and  shells  from  the  MeXutt  beds,  and 
these  showed  spat  very  much  like  those  in  the  McNeill  samples.  The  most  spat  were 
found  on  the  inside  of  oysters  that  had  died  and  decomposed  recently,  leaving  clean 
inside  surfaces,  well  protected  from  entrance  of  both  silt  and  the  larger  enemies,  such 
as  snails,  because  the  valves  of  the  oyster  shell  naturally  separate  only  narrowly.  A 
study  of  the  distribution  of  these  spat  is  instructive.  The  number  of  spat  on  the  out- 
side was  equal  for  both  valves,  but  totalled  only  one-eighth  of  the  number  found  inside. 
There  were  twice  as  many  inside  spat  on  the  right  valve  as  on  the  left  or  lowermost 
valve,  even  in  the  instance  where  both  valves  were  absolutely  clean.  The  number  was 
in  all  cases  proportional  to  the  cleanness  of  the  surfaces,  ranging  for  the  inside  upper 
valve  from  1 to  150  spat  per  .shell.  The  highest  number  was  on  a small  shell,  and  the 
spat  were  most  beautiful,  showing  what  nature  can  do  even  with  limited  resources,  if 
given  a fair  chance.  We  should  also  note  that  the  spat  prefer  to  set  on  the  under  side  of 
an  object,  even  when  the  surface  is  no  cleaner  or  otherwise  better  than  in  other  positions. 
The  European  oyster  farmer  takes  advantage  of  the  fact  in  his  method  of  tile  culture. 
In  short,  the  spat  like  a “ roof  over  foot.”  This  is  the  result  of  natural  selection,  as 
those  fry  that  possess  the  instinct  to  set  under  a surface,  are  not  so  apt  to  be  smothered 
by  silt,  and  also  they  find  less  silt  to  scrape  away  to  get  a hold. 

The  spat  shells  were  measured  in  nearly  fifty  instances  on  the  best  set  cultch 
sample  and  we  found  all  stages  present,  from  spat  newly  set,  up  to  those  having  1200 
mu  of  spat-shell.  Sizes  150,  400,  and  600  mu  had  the  most  numerous  representation. 
Allowing  100  mu  growth  per  day,  we  get  twelve  days  a.s  the  age  of  the  oldest,  which 
brings  the  date  of  beginning  of  spatting  to  be  the  14th,  quite  in  harmony  with  the 
plankton  evidence.  The  main  spatting  period  was  from  August  20  to  the  22nd.  This 
is  in  harmony  with  the  figures  in  the  plankton  table  for  this  period,  showing  few  fry 
in  stage  V,  because  they  were  exploring  the  bottom  at  the  time.  As  the  climax  of  the 
spatting  occurred  on  the  20th,  and  no  spat  were  found  on  the  shells  placed  on  the  16th 
(taken  on  the  26th),  it  is  evident  that  no  fry  ready  to  set  were  present  at  that  locality. 
Still  farther  from  the  wharf  were  the  Reilley  experimental  shells;  they  were  placed  on 
the  23rd  and  taken  up  on  the  27th,  and  no  spat  were  present  on  them.  So  here,  too, 
was  an  area  which  was  poor  in  spat,  at  those  dates  at  least.  Just  how  far  fry  may 
wander  from  their  birthplace,  during  the  weeks  of  their  plankton  life,  is  not  known, 
but  it  is  a possibility  that  they  do  not  wander  far.  This  is  a subject  of  great  import- 
ance, and  deserves  careful  research.  While  they  are  in  the  plankton  condition  they 
are  a part  of  the  water,  and  they  use  their  swimming  powers  to  rise  or  to  sink.  By 
rising  into  the  tide  early  in  flow,  and  settling  to  the  bottom  before  ebb  begins,  it  is 
evident  they  can  wander  as  far  from  home  as  the  distance  travelled  by  a tide  in  six  or 
seven  hours.  This  would  not  distribute  them  laterally,  to  the  current,  except  when 
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strong  winds  blow  crosswise  and  they  are  at  the  surface,  which  is  not  usually  true  in 
rough  weather.  Everything  depends  on  the  adjustment  they  make  in  reference  to  the 
tides.  We  have  found  most  fry  on  the  flood  tide.  This  would  prove  that  the  tendency 
is  to  work  away  from  the  inlet,  and  up  towards  headwaters. 

On  August  97.  samples  of  tarred  shells,  plaood  on  the  21st  on  Ourtain  ishuid 
and  Earn  Island  shoals  were  taken.  Spat  were  found  only  on  the  Curtain  island 
shells,  on  about  six  out  of  two  dozen  shells,  and  only  from  one  to  three  spat  per  shell. 
The  spat  shell  added,  ranged  in  width  from  160  mu  to  600  mu  during  the  six  days’ 
sojourn,  thus  corroborating  our  previous  calculations.  It  is  of  course  possible  that 
the  largest  did  not  “ set  ” at  the  earliest  hour  after  planting,  and  so  the  growth  might 
be  greater  than  100  mu  per  day.  This  would  not  be  surprising,  since  the  conditions 
for  growth  are  very  good  on  these  current-washed  shoals.  If  the  rings  of  growth 
seen  correspond  to  diurnal  additions,  then  one  spat  grew  at  the  rate  of  180  mu  per 
day.  But  it  has  yet  to  be  proved,  that  the  growth  of  the  dissoconch  or  any  other  shell 
growth,  is  adjusted  to  diurnal  rather  than  tidal  variations,  or  something  else. 

On  September  3,  Eobert  McKenzie  took  samples  of  shells  from  the  McNutt  beds, 
which  were  forwarded  to  me.  Three  of  the  seven  shells  sent  carried  spat;  two 
“ rights  ” held  twenty  and  fifteen  spat,  respectively,  and  one  “ left  ” held  six  spat. 
This  distribution  suggests  that  they  came  from  intact  shells,  for  if  the  valves  had 
lain  on  the  ground  separately,  the  left  valves  would  have  carried  the  most  spat.  The 
appearance  of  the  shells  showed  that  they  came  from  “ cluckers  ” (i.e.,  oysters  which, 
when  tapped,  sound  empty).  Two-thirds  of  the  spat  on  these  shells  were  newly  set, 
and  the  oldest  had  a spat  shell  of  900  mu,  which  brings  the  date  of  their  first  setting 
not  earlier  than  August  25.  In  harmony  with  this,  our  plankton  table  shows  a con- 
siderable number  of  fry  ready  to  set  on  the  24th,  with  subsequent  relative  absence  of 
this  size.  On  this  latter  date  also  there  was  a great  increase  in  younger  stages,  which 
probably  furnished  the  spat  that  set  September  2 to  5. 

On  September  18,  Hubert  P.  McNeill  took  up  and  forwarded  a string  of  tarred 
shells  which  we  had  placed  on  his  beds  on  August  24,  and  also  a large  shell,  which 
he  wrote  was  planted  August  30.  These  samples  proved  highly  interesting.  Consider- 
ing first  the  August  30  shell,  this  was  a large  left  valve  and  remarkably  clean  after 
having  been  in  the  water  for  ‘‘eighteen  days.”  It  carried  a small  shell  on  its  back 
with  its  smooth  or  inside  surface  facing  in  the  same  direction  as  the  outside  of  the 
main  shell,  and  occupying  a seventh  of  its  surface.  The  smooth  inside  of  the  large 
shell  carried  thirty-four  spat,  the  outside  eighty-nine  spat,  and  the  small  shell  thirty- 
eight.  Had  the  small  shell  been  absent,  there  should  have  been  a hundred  spat,  or  three 
times  as  many  as  on  the  inside;  but  if  the  entire  surface  had  been  as  good  as  that  of 
the  little  shell,  there  would  have  been  266  spat,  or  nearly  eight  times  as  many  as  on  the 
inside.  To  account  for  this,  we  believe  the  shell  hung  with  the  curved  side  down. 
Had  it  rested  on  the  ground,  the  spat  would  have  been  excluded  from  the  center  part 
of  the  convex  surface.  The  sizes  of  the  spat  shells,  viz.,  40  to  560  mu,  show  that 
spatting  had  occurred  within  five  or  six  days,  so  that  there  is  a question  as  to  its 
having  been  exposed  for  a longer  period  than  a week.  Turning  now  to  consider  the 
sizes  of  the  spat  shell-growth  on  the  shells  placed  August  24,  we  have  ranges  of  0 to 
2600  mu.  As  these  shells  were  exposed  twenty-five  days,  we  have  another  fine 
coincidence  on  the  basis  of  100  mu  growth  per  day,  assuming  that  setting  began  at 
once,  which  is  probable,  as  the  water  at  the  place  where  the  shells  were  hung  had  the 
finest  show  of  fry,  ready  to  set,  seen  in  the  entire  bay.  Granting  this  assumption,  then 
there  was  spatting  at  this  point  on  August  24,  28  and  on  Sepetmber  3,  5,  7,  8,  11,  16, 
and  18,  with  climaxes  on  the  5th  and  15th.  The  latter  climax  fits  the  facts  of  the 
large  shell  lifted  September  18,  but  leaves  a mystery  about  the  absence  of  fry  on 
September  3 to  5,  if  it  was  placed  August  30,  for  the  tarred  shells  corroborate  the 
evidence  of  the  McNutt  shells.  It  must  be  earefully  noted,  that  in  all  this  calculation 
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tlie  assumption  is  tliat  the  spat  prow  equally  ami  similarly  and  uniformly,  certainly 
rather  unlikely.  We  need  to  have  sfune  careful  research  made  on  this  problem. 

Next  let  us  consid(*r  the  value  of  tar  as  a eoatinp  for  oyster  shells;  does  it  improve 
shells  to  varnish  them  with  coal  tar?  Striving  to  not  crowd  these  pages  with  detailed 
tables,  we  shall  give  only  the  results  of  counting  the  spat.  The  figures  show  that 
per  unit  area,  the  tarnxl  surface  cai)tured  only  two-fifths  as  many  spat  as  did  the 
unvarnished  shell;  that  the  smooth  side  and  rough  side  of  the  plain  right  valve  were 
equal;  that  tarring  reduced  the  number  of  outside  spat  to  half,  and  those  setting  inside 
to  a quarter  as  niaji.v  as  w’ould  have  otherwise  set.  For  the  left  valve,  there  was  no 
difference  between  the  plain  and  tarred  surfaces  outside,  but  a reduction  to  a fifth 
for  the  insitle.  The  left  valves  caught  more  than  twice  as  many  spat  as  did  the  right 
valves.  This  w’as  true  respectively  both  for  the  plain  and  the  tarred  surfaces.  We 
had  long  ago  established  similar  ratios  for  these  valves;  yet  we  showed  above  that  in 
“ cluckers  ” lying  in  the  normal  position,  it  is  the  right  valve  that  gathers  most  spat. 
The  reason  the  left,  free,  valve  and  outside  surface  is  superior  to  the  right,  is  due 
to  the  fact  that  the  silt  fails  to  bury  its  edges  as  quickly  as  in  the  case  of  the  flatter 
valve,  when  both  are  free. 

The  outcome  of  these  researches  is  to  suggest  further  studies  with  cultch  coated 
with  the  composition  (equal  parts  of  lime,  sand,  cement)  used  for  tiles  in  Europe. 
This  is  useful  in  view  of  the  scarcity  of  cultch  in  Prince  Edward  Island. 

October  4,  ^Ir.  McKenzie  gathered  samples  from  Kam  island,  placed  there  August 
21.  These  shells  held  only  “deckers”  (Crepidulas).  October  5,  Mr.  McKenzie 
gathered  samples  of  Curtain  island  shells  left  there  August  21,  and  therefore  exposed 
for  forty-five  days.  Two  of  them  were  tarred  shells,  carrying  Crepidulas  both  on  the 
tarred  and  the  plain  areas.  The  plain  shells  have  but  one  spat  on  one  surface  (rarely 
on  both).  They  range  from  4 to  10  millimeters  in  diameter.  Fragments  of  a Alya 
shell  carry  four  spat  of  16  to  20  millimeters  in  diameter.  On  the  supposition  that 
the  largest  had  “ set  ” as  early  as  mid-August,  they'  would  be  not  more  than  fifty  days 
old,  and  in  the  case  of  the  largest  spat,  a growth  of  400  mu  per  day  must  have  been 
attained  on  an  average.  Of  course  the  growth  is  absolutely’  more  rapid  the  older 
the  spat,  though  it  may  relatively  be  less  so.  It  is  desirable  to  have  careful  studies 
made  on  growth,  and  we  await  with  interest  the  results  of  Professor  Robertson’s 
researches  on  this  subject. 


COX’CLUSIOX. 

M’e  have  found  that  oyster  propagation  in  Richmond  bay  shows  the  effects  of  the 
very  considerable  depletion  indicated  by  statistics;  but  there  are  still  areas,  where 
careful  planting  of  cultch  will  capture  a fair  set  of  S])at.  We  wish  to  emphasize  the 
necessity  of  i)ushing  the  practice  of  raising  oysters  from  the  seed,  by  artificial  culture, 
insistently,  persistently,  consistently,  and  intelligently  and  scientifically,  as  the  only 
way  to  restore  the  bay’  to  its  original  productiveness,  or  even  to  keep  its  beds  from 
ultimate  destruction.  Rut  if  the  practice  of  scientific  oyster  culture  be  encouraged 
and  developed,  there  is  no  reason  for  doubting  that  the  maximum  production  formerly 
exhibited  by  this  bay’,  under  nature,  and  by’  fishing  methods,  can  be  increased  very 
much.  We  do  not  think  that  every  one  of  the  62,000  acres  in  this  domain,  can  be  made 
productive,  but  there  is  a good  possibility  that  a quarter  of  this  acreage  may  be  made 
productive,  and  when  that  time  arrives  the  annual  product  should  be  nearly  a million 
bushels.  It  is  worth  while  to  strive  for  that  figure,  even  if  it  may  take  a long  while 
to  reach  it;  by  tlius  striving,  it  is  certain  tliat  tlie  present  iiroduction  will  be  increased 
many  fold,  to  say  nothing  of  conserving  the  very  life  of  the.  oyster  industry.  If  we 
go  not  forward  we  shall  surely  drift  backward. 
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THE  MARINE  ALG^  OF  THE  PASSAMAQUODDY  REGION,  NEW 

BRUNSWICK. 

By  A.  1>.  Kr.uon,  ^I.A., 

(Queen’s  I.'iiiversity,  Kingston,  Out. 

(Plate  YITI.) 

The  work  which  forms  the  basis  of  tliis  report  was  done  at  the  Marine  Biological 
Station,  St.  Andrews,  X.B.,  in  April,  May  and  June,  1912,  and  May,  June,  August  and 
September,  191.3. 

The  region  covered  is  from  St.  Stephen,  at  the  head  of  navigation  on  the  St.  Croix 
river,  to  Grand  Manan. 

The  Algal  flora  of  this  region  is  distinctly  boreal  in  character,  as  is  shown  by  the 
luxuriant  growth  of  Fuci  and  Laminariae,  and  by  the  occurrence  in  comparatively 
shallow  water  of  Dictyosiphon  hippuroides,  Ilalosaccion  ramentaceum,  SaccorJiiza 
dermatodea,  Agaruin  turneri  and  Monostroma  fuscum  hlyttii. 

There  is  a considerable  difference  in  the  Algal  flora  of  what  we  may  term  “inside” 
and  “outside”  points.  By  “inside”  we  mean  on  the  mainland  side  of  Passamaquoddy 
bay,  by  “outside”  the  shores  of  the  islands  (Deer,  Pendleton’s  and  MacMaster’s)  which 
form  the  outer  boundary  of  the  bay,  and  all  points  beyond  these  islands.  These 
differences  in  the  Algal  flora  may  be  pretty  definitely  traced  to  differences  in  the 
salinity  of  the  water  “outside”  and  “inside.”  Inside  the  water  has  a specific  gravity  at 
the  surface  of  from  1-0226  to  1-0235,  and  a percentage  of  total  salts  of  from  2-99  to 
3-202,  while  outside  waters  have  a specific  gravity  of  from  1-0235  to  1-0242,  and  a total 
salt  content  of  from  3-201  to  3 -280  per  cent.  For  these  figures  I am  indebted  to  the 
work  of  Mr.  G.  G.  Copeland  in  1909,  published  in  the  report  of  the  Biological  Stations 
of  Canada  “Contributions  to  Canadian  Biology,  1906-1910.” 

The  only  paper  dealing  with  the  algfe  of  this  region  of  which  I have  any  know- 
ledge is  Prof.  D.  C.  Eaton’s  “List  of  Marine  Algae  collected  near  Eastport,  Maine,  in 
August  and  September,  1873,  in  connection  with  the  work  of  the  United  States  Fish 
Commission,”  and,  where  his  records  are  for  Canadian  stations  and  for  species  which  T 
have  not  collected,  1 (luote  them  here. 

In  many  countries  the  marine  alg-ae  are  of  great  economic  importance,  as  food,  as 
the  source  of  food  products  such  as  isinglass,  in  the  production  of  a “size”  for  textile 
fabrics,  in  the  clarifying  of  beer  and  wines,  as  the  source  of  iodine  and  potassium,  in 
the  manufacture  of  a very  strong  adhesive  known  as  seaweed  glue,  in  the  production 
of  a demulcent  for  use  in  relieving  coughs,  and  as  a fertilizer.  Except  that  some  are 
put  to  the  last-mentioned  use  along  the  coast,  and  small  quantities  of  dulse  (Rhody- 
menia  palmata)  are  gathered  and  dried  for  eating,  the  marine  alga?  are  made  no  use 
of  in  Canada,  and  therefore  represent  one  of  our  undeveloped  resources. 

1. — CVANOPHYCEiE. 

Gomphosphena  aponina,  Kuetzing. — In  brackish  pool  off  Kitty’s  cove,  St.  Andrews, 
September  6,  1913. 

Rleurocapsa  fulirjinosa,  Ilauck. — Common  on  sandstone  conglomerate  cliffs  at 
high-tide  mark  in  places  moistened  by  dripping  fresh  water  near  the  Biological  Station. 
This  species  forms  thin  black  coatings.  This  is  the  first  Canadian  record. 
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Demiocarpa  prasina,  Bornet  and  Thuret. — On  Peirocelis  cruenta  at  Head  harbour. 
Canipobello  island,  June  12,  1912.  Not  previously  recorded  from  Canada. 

llyelJa  caespitosa,  Bornet  and  Flaliault. — Common  in  dead  shells  of  Mya  arenaria 
in  the  vicinity  of  St.  Andrews.  It  imparts  a yellowish-^rrecn  colour  to  the  shells. 
This  is  one  of  the  perforating  algae,  and  in  studying  it  the  calcareous  matter  of  the 
shell  must  be  dissolved  out  with  Perenyi’s  fluid,  which  is  made  up  as  follows:  10  per 
cent  nitric  acid — 40  cc.,  ethyl  alcohol — 30  cc.,  and  h per  cent  aqueous  solution  of 
chromic  acid — 30  cc. 

Oscillatoria  laetevirens,  Crouan. — On  old  wharf  near  St.  Stephen,  at  about  | flood- 
tide  mark,  May  13,  1913. 

Oscillatoria  nigro-viridis,  Thwaites. — In  a brackish  pool  flooded  only  by  the  very 
highest  tides,  at  Welchpool,  Campobello  island,  June  17,  1912.  This  is  the  first  record 
for  this  species  in  Canada. 

Spirulina  suhsalsa.  Oersted. — In  brackish  pool  flooded  only  by  highest  tides  at 
Welchpool,  Campobello.  On  rocks  near  low  tide  mark,  Leonardville,  Deer  island.  On 
wharf  at  the  Biological  Station.  These  are  the  first  Canadian  records. 

Lynghya  aestuarii,  Liebman. — In  a brackish  pool  at  Welchpool. 

Xodularia  harveyana,  Thuret. — In  lagoon  in  salt  marsh,  St.  Andrews,  June  G, 
1912.  This  is  the  first  Canadian  record. 

Anahaena  variabilis,  Kuetzing. — In  brackish  pool  flooded  only  by  highest  tides, 
Welchpool,  June  17,  1912.  Not  previously  recorded  from  Canada. 

Calothrix  confervicola,  Agardh. — Common  on  Cladophora  flavescens  floating  in 
Kitty’s  cove,  St.  Andrews,  August  28,  1913. 

Rhmlaria  aira,  Roth. — Forming  black  gelatinous  nodules  on  sandstone  conglo- 
merate cliffs  at  high-water  mark  in  places  where  the  cliffs  are  moist  with  dripping  fresh 
water,  near  the  Biological  Station. 

2. — Chlorophyce^. 

Ulothrix  jiacca,  Thuret. — Common  on  rocks,  timbers  and  moorings  and  on  Fucus 
vesciculosus  throughout  the  region. 

Ulothrix  implexq,  Kuetzing. — Common  on  sandstone  rocks  at  high-tide  mark  in 
places  moistened  by  dripping  fresh  water,  near  the  Biological  Station.  In  estuary  of  a 
small  stream  flowing  into  Brandy  cove. 

Enteromorplia  percursa,  J.  G.  Agardh. — In  lagoon  in  salt  marsh  near  St.  Andrews, 
May  11,  1912.  On  dead  twigs,  etc.,  in  estuary  of  a small  stream  into  Brandy  cove. 

Enteromorplia  crinita^  J.  G.  Agardh. — In  lagoon  in  salt  marsh  near  St.  Andrews. 
In  estuary  of  a small  stream  into  Brandy  cove.  Rolled  up  in  long  rope-like  masses  at 
the  edge  of  Kitty’s  cove.  Not  previously  recorded  from  Canada. 

Enteromorplia  compressa  suhsimplex,  J.  G.  Agardh. — In  tide-pools  at  Adam  . 
island.  In  tide-pools  on  the  Short  Bar,  St.  Andrews.  One  of  these  tide-pools  is  shown 
in  Fig.  1,  Plate  VIII. 

Enteromorplia  minima,  Naegeli. — On  rock  in  tide-pool  in  Chamcook  harbour.  On 
sandstone  rocks  at  high-tide  mark  in  places  where  moistened  by  dripping  fresh  water, 
in  Brandy  cove  and  near  Joe’s  point. 
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Enteronwrpha  micrococca,  Tvuetzinp:. — Common  on  samlstono  cliffs  where  moist 
with  fre.sh  water  at  hifrh-sido  mark  near  the  Biological  Station. 

Enteromorpha  hitesiinaUfi,  Crevillo. — Tn  a tidal  creek  near  St.  Andrews.  This 
habitat  is  shown  in  Fip:.  2,  Plate  VITT.  Extremely  abundant  in  tidal  creek  at  Grand 
Harbour,  Grand  Manan.  An  extremely  small  form,  wdth  the  largest  thalli  only  3 mm. 
in  diameter,  was  found  in  a pool  in  the  cliffs  of  Swallow-tail.  Grand  Manan,  about 
sixty  feet  above  high-tide  mark,  and  only  reached  by  spray  which, flies  to  a great  height 
at  this  point. 

Enteromorpha  linza,  T.  G.  Agardh. — Common  on  muddy  gravel  beach  at  half-tide 
mark  on  Adam  island.  On  weir  stakes  at  low-tide  mark  off  Navy  island.  On  weir 
stakes  in  Brandy  cove. 

Ilea  fulvescens,  J.  G.  Agardh. — On  rocks  in  stream  in  littoral  zone.  Brandy  cove. 
In  rock  pool  reached  only  by  the  very  highest  tides,  Biological  Station. 

Monostroma  fuscum  hlyttii,  Collins. — Common  in  tide-pools  at  all  outside  points. 
In  a stream  of  salt  water  flowing,  at  low  tide,  out  of  Kitty’s  cove.  Some  of  this  species 
was  served  on  the  table  at  the  Biological  Station,  and  it  was  found  to  resemble  a very 
strongly  flavoured  and  rather  slippery  spinach. 

Ulva  lactuca  rigida,  Le  Jolis. — Common  from  half -tide  mark  down  on  rocky  beach 
at  Welchpool,  and  at  Grand  harbour.  Grand  Manan. 

Chaetomorpha  melagoyiium.  rupincola,  Kjellman. — In  a tide-pool  near  low-tide 
mark  at  Herring  cove,  Campobello. 

Chaetomorpha  aerea  linum,  Collins. — In  curled  masses  in  pool  off  Kitty’s  cove,  St. 
Andrews. 

Rhizoclonium  riparium  polyrhizum,  Bosenvinge. — At  base  of  sandstone  cliffs  near 
high-tide  mark  in  Brandy  cove.  On  dead  twigs  in  estuary  of  a little  stream  into 
Brandy  cove,  exposed  from  one-quarter  ebb  tide.*  In  pool  in  cliffs  of  Swallow-tail, 
Grand  Manan,  about  sixty  feet  above  high-tide  mark. 

Rhizoclonium  tortuosum,  Kuetzing. — -In  tide-pools  at  Upper  Green  poiut. 

Cladophora  laetevirens,  Harvey. — In  sub-littoral  zone  on  weir  stakes  in  old  weir 
off  Na\’y  island,  June  8,  1912.  This  is  the  first  Canadian  record. 

Cladophora  rupestris,  Kuetzing. — Common  on  rocks  near  low-tide  mark  at  all 
outside  points. 

Cladophora  gracilis  expansa,  Earlow. — In  shallow  tide-pools  on  the  Short  Bar, 
St.  Andrews. 

Cladophora  flavescens,  Kuetzing. — Floating  in  large  yellowish  masses  in  Kitty’s 
cove,  St.  Andrews. 

Spongomorpha  arcta,  Kuetzing. — Common  in  spring  in  tide-pools  throughout  the 
region,  occurring  in  rounded  tufts. 

Spongomorpha  spinescens,  Kuetzing. — On  Fucus  evanescens  in  littoral  zone  at 
Head  harbour,  Campobello.  This  species  has  not  been  previously  recorded  from 
Canada. 

Hormiscia  penicilliformis , Fries. — On  Fucus  evanescens.  Little  Letite. 

Gomontia  polyrhiza,  Bornet  and  Flahault. — Common  on  dead  shells  of  Mya 
arenaria  in  shallow  tide-pools. 

Vaucheria  thuretii,  Woronin. — On  mud  at  high-tide  mark.  Harbour  de  Loutre, 
Campobello.  On  mud  in  salt  marsh.  Friar’s  bay,  Campobello.  On  mud-flats  at  Grand 
harbour,  Grand  Manan. 


82 


DHrAin  MK.\T  OF  TUF  .V. 1 1.1  A FFUVICF 


3. — PH.«OI*HVCK.f:. 


7 GEORGE  V,  A.  1917 


Phyllitis  fascia,  Kuetziiipr. — Connnoii  in  tide-pool.s  throufrhout  the  rej^ion. 

Scytosipho7i  lomentarius,  Af?ardh. — Common  in  a small  form  with  few  con- 
strictions in  ticle-pool.s  at  inside  jmints.  Common  in  a large  form  with  many  well- 
marked  constrictions  in  tide-pool.s  from  half-tide  mark  down  at  outside  points.  A large 
form  twisted  into  tight  spirals  occurs  at  Welchpool,  Campobello.  This  spiral  form 
is  mentioned  hy  Eaton  as  occurring  at  Eastport,  Me. 

Desmarestia  aculeata,  Lam.x. — In  upper  sub-littoral  zone  at  Welchpool.  In  tide- 
pools  near  low-tide  mark  at  Herring  cove,  Campobello. 

Desmarestia  viridis,  Lamx. — Common  in  suh-littoral  zone  on  Tongue  shoal,  near 
St.  Andrews.  Off  Xavy  island  in  sub-littoral  zone  on  weir  brush.  In  tide-pool  at 
low-tide  mark  at  Little  Letite. 

Dictyosiplion  foeniculaceus.  Grey. — Common  in  tide-pools  throughout  the  region. 

Dictyosiphon  hippuroides,  Aresch. — On  rocky  shore  near  low-tide  mark  at  Welch- 
pool, Campobello. 

Ectocarpus  confervoides,  Le  Jolis. — On  Ascophyllum  nodosum  at  the  Biological 
Station.  On  weir  brush  in  old  weir  off  Xax-y  island,  unilocular  and  pleurilocular 
sporangia  present  June  8. 

Ectocarpus  littoralis,  Lyngbye. — Common  on  weir  brush  off  Xavy  island,  at  and 
below  low-tide  mark.  On  old  weir  stake  in  Warwig  river. 

Leathesia  dijformis,  Aresch. — On  Cladophora  gracilis  expansa  in  tide-pools  on 
Short  Bar,  St.  Andrews.  On  rocks  near  low-tide  mark,  Spruce  island. 

Elachistea  fucicola.  Fries. — On  Fucus  evanescens  at  Head  harbour,  Campobello. 
()n  As::cp]odlum  nodosum  in  Brandy  cove.  On  Fucus  vescicidosus  on  Xa^'j'  island. 
On  Fucus  furcatus  on  Bliss  island. 

Chordaria  ftagelliformis,  Agardh. — Common  in  tide-pools. 

Ealfsia  verrucosa,  Aresch. — Common  in  tide-pools,  forming  black  leathery  ex- 
pansions on  pebbles. 

Ealfsia,  deusta,  J.  Agardh. — On  rocks  in  tide-pools  on  Short  Bar,  St.  Andrews. 

Chorda  fUum,  Linn. — Attached  to  stones  at  low-tide  mark  at  Biological  Station. 
Common  in  sub-littoral  zone  off  Head  harbour,  off  Spruce  island,  and  in  the  Xarrows. 

Laminaria  saccharina,  Lamx. — Common  at  and  below  low-tide  mark  throughout 
the  region. 

Laminaria  longicruris,  De  La  Pyl. — Common  in  sub-littoral  zone  off  Head  har- 
bour. Common  in  sub-littoral  zone  at  Welchpool,  off  Kichardsonville,  Deer  island,  off 
Herring  cove,  Campobello,  and  off  Southern  head.  Grand  Manan.  This  alga  attains  a 
larger  size  than  any  other  in  this  region.  The  specimen  shown  in  Fig.  3,  Plate  VIII, 
hanging  on  the  wall  of  the  residence  at  the  Biological  Station,  had  a blade  five  feet 
ten  inches  long  and  a stipe  nine  feet  long. 

Laminaria  digitata,  Lamx. — In  tide-pools  near  low-tide  mark  on  Spruce  island. 
In  tide-pools  near  low-tide  mark  at  Head  harbour. 

Saccorhiza  dermatodea,  De  ha  Pyl. — Common  in  upper  sub-littoral  zone  at  Welch- 
pool. 

Agarurn  turneri.  Post,  and  Bupr. — Fairly  common  in  the  lower  littoral  and  upper 
sub-littoral  zone  throughout  the  region. 
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AJnrin  escnlenta  latifolin.  Post  and  liui)r. — Coininon  at  low-wator  mark  at  all 
outsido  points.  Fif>-  4,  Plato  VTll,  shows  the  latoral  loatlots  nixni  which  tho  fruit  is 
borne. 

Asroph  ijlhtm  nodosum , Lt>  Jolis. — Al)nndant  in  tlu'  n))])er  two-thirds  of  the  littoral 
zone  throufiliout  the  region.  Fig  5,  Plate  VI II,  shows  the  r(jcks  near  the  Piologieal 
Station  covered  with  this  species  and  Fucus  vesriculosus. 

Fucus  vescicidosus,  Linn. — Abundant  in  the  ui)per  half  of  the  littoral  zone 
throughout  the  region.  A form  with  very  long  vescieles  and  long  receptacles  occurs 
at  the  Piological  Station,  and  a form  with  almost  spherical  r(‘ceptacles  is  common  on 
Adam  island. 

F^lClls  evanescens,  Aqardh. — Common  in  the  lower  half  of  the  littoral  zone  at  all 
outside  points. 

Fucus  furcatus,  Agardh. — Rare  in  a tide-pool  near  low-tide  mark  at  Head  har- 
bour. Scarce  in  tide-pools  at  half-tide  mark  on  Adam  island.  Common  near  low- 
tide  mark  on  Bliss  island. 


4. — RnonoPHYCE/E. 

Porphyra  umhilicalis,  J.  Agardh. — Common  in  the  littoral  zone.  Occurs  in  two 
forms,  the  umbillicate  form  of  a brownish  colour  at  outside  points,  and  the  exi>anded, 
laciniate  form  of  a red  or  pale  pinkish-green  colour  at  inside  points. 

Petrocelis  cruenta,  J.  Agardh. — On  rocks  at  Head  harbour  and  at  Welchpool,  in 
the  littoral  zone. 

nildenhrantia  rosea,  Kuetzing. — Common  on  stones  in  the  lower  part  of  the  lit- 
toral zone  throughout  the  region. 

CaUithamnion  rothii,  Lyngbye. — Reported  from  Grand  Hanan  by  Eaton. 

CaUithamnion  pylaisaei,  Mont. — Common  on  weir  brush  in  the  sub-littoral  zone 
off  Xavy  island.  Cystocarps  present,  May  22. 

Ptilota  elegans,  Ronnem. — Reported  by  Eaton  from  tide-pools  on  Campobello,  and 
from  Little  Green  island  near  Grand  Manan. 

Ptilota  serrata,  Kuetzing. — Dredged  in  10  fathoms  off  Pendleton’s  island,  in  27 
fathoms  off  Harwood  island,  in  30  fathoms  off  AlacMaster’s  island,  and  in  12  fathoms 
off  Three  islands.  Grand  Manan.  One  specimen  found  growing  in  a tide-pool  at  low- 
tide  mark  on  the  Black  Ledges. 

C eramium  ruhrum,  Agardh. — In  tide-pools  on  Bliss  island,  and  on  Grand  Manan. 

Halosaccion  ramentaceum,  Agardh. — Common  in  lower  littoral  zone  at  Welchpool 
and  in  littoral  zone  at  Herring  cove,  Campobello,  and  Grand  harbour.  Grand  Manan. 
This  species  varies  greatly  in  amount  of  branching. 

Halosaccion  ramentaceum  gladiatum,  Eaton. — Common  at  low-tide  mark  on 
Spruce  island,  mostly  red  and  but  little  inflated.  Erecpient  at  low-tide  mark  in  Little 
Letite,  very  large,  brownish  and  much  inflated.  Scarce  on  the  Black  Ledges,  rather 
small  and  but  little  inflated,  red  in  young  stages,  brownish  in  older  stage.  Common 
on  muddy  gravel  beaeh  on  Adam  island.  This  variety  was  described  by  Eaton  from 
Eastport  material.  Neither  this  form,  nor  the  species  are  found  at  any  inside  point. 

Ahnfeltia  plicata,  Eries. — Reported  from  Grand  ^lanan  by  Eaton. 
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Ctfstoclonium  puj-pvrascenft,  Kuptzinp. — Rrportfd  from  Grand  Manan  and  Campo- 
bollo  by  Eaton. 

Gigartina  mamillosa,  Apardh. — Common  on  ropks  at  low-tide  mark  throughout  the 
region. 

Chrondrus  crispus.  Stack. — Frequent  in  tide-pools  in  lower  half  of  littoral  ::one  at 
the  Biological  Station.  Common  in  lower  littoral  zone  at  "Welchpool  and  at  ITerring 
Cove. 

Rhodomenia  pahnaia,  Greville. — Common  near  low-tide  mark  at  all  outside  points. 
The  only  record  for  an  inside  point  is  one  specimen  found  on  weir  brush  below  low-tide 
mark  off  Navy  island. 

Rhodophyllis  veprecula  cirrhata,  Harvey. — Reported  from  Campobello  and  Grand 
Manan  (under  the  name  Callihlepharis  ciliata)  by  Eaton. 

Polyides  rotundus,  Greville. — Scarce  in  the  sub-littoral  zone  at  Head  harVjour. 

Euthora  cristata,  J.  Agardh. — Reported  by  Eaton  from  Campobello  and  Grand 
Manan. 

Delesseria  sinuosa,  Lamx. — On  Ptilofa  serrata  dredged  in  27  fathoms  olf  Harwood 
island.  Common  on  the  Tunicate,  Caesira  canadensis,  on  weir  brush  in  sub-littoral 
zone  off  Navy  island.  Dredged  in  12  fathoms  off  Three  islands.  Grand  Manan. 

Rhodomela  suhfusca,  Agarth. — In  tide-pools  on  Bliss  island. 

PoJysiphonia  vrceolata  formosa,  Agarth. — Common  on  Aveir  brush  at  and  below 
low-tide  mark  off  Navy  island.  Scarce  on  rocks  at  low-tide  mark  at  Head  harbour. 

Polysiphonia  fastigiata,  Greville. — Common  on  Ascophyllum  nodosum  throughout 
the  region. 

Corallina  officinalis,  Linn. — Common  at  low-tide  mark  on  Spruce  island,  at  Head 
harbour  and  on  Grand  !N[anan.  Scarce  on  rocks  in  a tide-pool  near  low-tide  mark  on 
Short  Bar  near  St.  Andrews. 

Melohesia  lejolisii,  Rosanoff. — Common  on  Zostera  marina  in  Kitty’s  cove,  St. 
Andrews. 

Lithothamnion  polmorphum,  Aresch. — Common  in  the  sub-littoral  zone  throughout 
the  region. 

Lithothamnion  fasciculatum,  Aresch. — Dredged  in  the  Narrows  off  Campobello 
and  off  Grand  Manan. 


EXPLANATION  OF  PLATE. 

Plate  YIII. 

Fig.  1.  Tide-pool  on  Short  Bar,  St.  Andrews. 

“ 2.  Tidal  creek,  the  habitat  of  Enteromorpha  intestinalis. 

“ 3.  Specimen  of  Laminaria  longicruris.  Biological  Station,  St.  Andrews. 

“ 4.  Specimen  of  Alaria  esculenta  latifolia. 

“ 5.  Rocks,  at  about  half-tide,  St.  Andrews,  coA'ered  with  Fusus  vesiculosus  and 

Ascophyllum  nodosum. 


I’LATK  VIII. 
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ON  SERIALLY  STRIPED  HADDOCK  IN  NEW  BRUNSWICK. 

BY 

Professor  Edwakd  E.  Pbixce,  LL.D.,  D.Sc..  F.K.S.(’.,  etc.. 

Dominion  Commissioner  of  Fisheries,  Ottawa. 

(With  one  Plate). 

Interestin"  striju'd  specimens  of  the  common  liaddock  (Gadus  aeglefinus)  have 
hiMMi  brought  at  times  to  the  Atlantic  Biological  Station,  which  arc  noteworthy  on 
account  of  the  contrast  which  they  i)rcsent  to  the  usual  type  brought  in  by  the  fisher- 
men. They  exhibit  a series  of  hroa<l  bands  and  blotches  of  dark  pigment  on  each  side 
of  the  body,  from  the  shoulder  to  the  tail.  The  specimens  do  not  seem  to  be  by  any 
means  rare  in  Pa.ssamaquoddy  bay,  adjacent  to  St.  Andrews,  where  the  Biological 
Station  is  situated,  and  they  are  of  some  interest  in  themselves,  and  of  wider  interest 
in  connection  with  the  coloration  of  fishes,  and  of  animals  generally. 

The  usual  coloration  of  the  haddock,  to  quote  from  Jordan  and  Evermann 
(1,  page  2543)  is  “dark  grey  above,  whitish  below,  lateral  line  black,  a large  blotch 
above  the  pectorals,  dorsals  and  caudal  dusky”;  but  the  freshly-caught  haddock 
exhibits  other  striking  colour  features.  The  dorsal  surface  is,  indeed,  usually  of  a 
metallic  purplish  hue,  darkest  in  the  upper  portions,  and  becoming  paler  down  the 
sides,  where  it  merges  in  the  pearly  white  colour  of  the  throat  and  uiider-surface  of 
the  body.  Immediately  below  the  thin  blackish  lateral  line  a large  sooty  spot  occurs, 
forming  a prominent  feature  a little  below  the  mid-portion  of  the  high  first  dorsal  fin 
(Plate  IX.,  fig.  1).  The  black  spot,  variously  called  “Satan’s  thumb-mark,”  or  “St. 
Peter’s  finger-mark,”  is  about  the  size  and  shape  of  a large  black  thumb  mark.  In  the 
drawings  which  illustrate  this  brief  paper  (Plate  IX.,  figs.  2 and  3)  it  will  be  noticed 
that  one  specimen,  fig.  2,  shows  no  less  than  six  “thumb  marks,”  or  dark  blotches^ 
while  the  other  (fig.  3)  shows  traces,  more  or  less  distinct,  of  four  transver.se  stripes. 
The  first  specimen,  measuring  11  in.  (279  mm.)  from  snout  to  ba.se  of  tail  fin,  i,e., 
the  tip  of  the  caudal  trunk;  or  Ilf  inches  to  the  free  hind-border  of  the  tail  fin, 
exhibited  three  very  prominent  i)igment  patches,  the  most  anterior  being  below  the 
middle  of  the  first  dorsal  fin,  whose  base  measured  l''ii!-inch,  and  this  patch  was 
^ic.-inch  broad,  and  extended  from  the  base  of  the  fin  above  to  the  usual  distance  below 
the  lateral  line,  terminating  behind  and  above  the  pectoral  fin.  This  patch  appeared 
like  the  usual  dark  thumb-mark;  but  a jialcr  extension  continued  U])ward  to  the 
contour  line  of  the  dorsum.  It  was  the  most  deeply  tinted  patch  in  the  series,  and 
especially  <lense  below  the  lateral  line.  The  next  large  patch  occurred  below  the  mid- 
portion of  the  second  dorsal  fin,  more  faintly  coloure<l,  and  exactly  f of  an  inch  in 
l)readth ; the  breadth  of  the  fin  al)ove,  along  its  base,  being  2g  inches.  This  second 
band  passed  down  from  the  base  of  the  fin  to  a considerable  distance  below  the  lateral 
line,  indeed,  down  to  a point  within  a (piarter  of  an  inch  of  the  ventral  contour  line. 
J'he  third  large  band,  of  a pale  greyish  tint,  occurred  between  the  mid-portion  of  the 
third  dorsal  fin  (who.se  ha.se  is  l*?n:-inch  long)  and  extends  to  a little  distance  below  the 
lateral  line.  It  was  'Vic-inch  in  breadth.  Between  these  three  major  transverse 
stripes  or  bands  there  appeared  minor  i)atches,  the  first  being  merely  a rounded  pale 
greyish  sj)ot,  'yir.-inch  acro.ss  and  occurring  midway  down  the  side  of  the  body,  a little 
distance  below  the  curv('d  lateral  line,  and  above  the  ]io.sition  of  the  anus.  The  next 
minor  ])atch,  also  about  yt-.-inch  in  diameter,  occurred  on  the  lateral  line,  partly  above 
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ami  i)artly  below,  ami  midway  between  tbe  dorsum  aiul  tlie  anterior  marjjiu  of  the 
second  anal  fin  below.  Some  obscure  ])ifjment  above  tbe  patch  sufifrcsts  that  it  was 
really  an  interrupted  transverse  band  ])assinfi’  from  the  ])osterior  eifrhth  of  the  second 
dorsal  fin  and  extendiiifi',  as  just  stated,  to  a i)oint  Ik-Iow  tbe  lateral  line.  Lastly,  a 
third  minor  iiateh  of  blackish  frrey  extendin<r  from  the  anterior  marfrin  of  the  uj»per 
caudal  fin  lobe  reached  almost  to  the  lateral  line.  It  was  a ]>ale,  irrcfrular  patch  about 
I-inch  across.  The  three  marked  major  stripes,  and  the  three  more  obscure  minor 
spots,  formed  a series  of  six  dark  ])atebes  from  tbe  sbouldcr  to  tbe  tail. 

Tbe  second  specimen  (Fi^r.  3)  was  lar"cr  than  the  haddock  just  described,  bein^r 
15  in.  loiifr  (■KK)  inm.),  inclusive  of  caudal  fin.  Exclusive  of  the  tail-fin  it  measured  14 
in.  (354  mm.),  from  tij)  of  the  snout  to  tip  of  caudal  trunk.  Alonpc  each  side  of 
the  fish  were  four  transverse  bands  or  i)atcbes  of  dark  ])i^’nient,  tbe  breadth  of  each 
beinp:  respectively,  first  strijie,  ^Ijo-inch ; second  stripe,  A-infh;  third  stripe,  ^-inch ; and 
the  fourth  stri])c  or  patch,  |-inch.  The  length  of  the  base  of  each  of  the  three  dor.sal 
fins  was,  respectively,  2.1-inch,  2^-inch,  and  2j-inch.  The.  first  dark  patch  extended 
from  the  middle  of  the  base  of  the  first  dorsal  fin  to  the  lateral  line,  and  spread  down- 
wards to  a point  midway  between  the  lateral  line  and  the  ventral  contour  of  the  fish. 
I'he  second  patch,  extending  from  the  middle  of  the  base  of  the  second  dorsal  fin  almost 
to  the  anterior  edge,  was  very  ]>ale,  and  passed  over  the  lateral  line  to  a point  midway 
between  that  line  and  the  anus.  Both  these  bands  or  ])atches  were  darker  below  the 
lateral  line  than  above  it,  and  the  first  band  was  very  dark  in  its  lower  portion.  Tin; 
third  band,  extending  over  the  anterior  half  of  the  liase  of  the  third  dorsal  fin,  passed 
downward  as  a tongue-shaped  patch  to  the  lateral  line,  and  just  beyond  it,  while  the 
fourth  band  appeared  simply  as  a rounded  indefinite  Idotch,  in  front  of  the  dorsal 
])ortion  of  the  caiidal  fin,  and  passing  barely  to  the  lateral  line.  In  this  haddock  three 
of  the  four  bands  clearly  correspond  to  the  three  major  patches  in  the  first  .specimen, 
and  in  position  and  shape  each  series  closely  resembled  the  other,  while  the  last  patch 
on  the  dorsal  portion  of  the  caudal  trunk  in  each  also  showed  close  resemblance;  but 
the  two  extra  minor  blotches  in  the  first  specimen  did  not  seem  to  bo  represented  in 
the  second.  It  is  interesting  to  recall  the  fact  that  a closely  related  species,  the 
European  bib  or  pout  (Gadus  luscus)  frequently  exhibits  cross  bands  along  the  sides, 
in  addition  to  “ a black  axillary  spot  behind  the  base  of  tbe  pectoral  fin."  according  to 
Dr.  Gunther  (2,  p.  541).  Dr.  H.  C.  Williamson,  in  his  masterly  and  thorough  paper 
on  the  specific  characters  of  G.  luscus  and  other  Gadoids  (8,  p.  137),  states  that  the 
axillary  mark  “is  a large  blue-ldack  patch  covering  the  sides  of  the  axilla,  and  extend- 
ing out  on  the  clavicle  and  over  the  base  of  the  pectoral  fin,”  and  it  is  present  in 
G.  minuhis  and  G.  esmnrlxii,  but  is  much  more  limited  in  area. 

Professor  W.  C.  ^[clntosh  gave  an  interesting  account,  seven  or  eight  years  ago, 
of  some  young  specimens  of  the  European  bib,  Gadus  luscus,  showing  bold  transverse 
bars  of  pigment  (3,  pp.  153-154) ; l)ut  he  pointed  out  that  specimens  captured  in  the 
nets  of  the  shrimp-trawlers,  at  the  mouth  of  the  Thames,  were  not  banded,  and  he 
referred  to  the  view  of  Couch  and  Malm  that  the  striped  condition  is  an  occasional 
occurrence  only.  Professor  McIntosh’s  small  barred  specimen  was  only  about  2% 
inches  (70  mm.)  long,  and  was  obtained  on  April  3,  1908,  at  St.  Andrews,  Scotland. 
I'he  fish  was  of  a reddish  brown  colour  on  the  sides,  variegated  b.v  four  well-marked 
broad  black  bands  (Plate  IX.,  fig.  4).  A broad  stripe  passed  from  the  dorsum,  between 
the  first  and  second  dorsal  fin,  down  the  side  to  the  ventral  border;  while  the  second 
band,  darker  and  more  definite,  extending  from  the  last  third  of  the  second  dorsal  fin 
to  the  base  of  the  third  dorsal  fin,  passed  diagonally  down  to  the  posterior  part  of  the 
base  of  the  first  anal  fin.  The  last  stripe  covered  the  side  of  the  caudal  trunk  from  a 
line  drawn  to  the  hind  margin  of  the  second  anal,  from  the  hind  margin  of  the  third 
dorsal  fin.  On  the  top  of  the  head  occurred  a large  dark  patch,  and  the  dorsal  and 
ventral  edges  of  the  body  showed  much  black  pigment ; and  black  spots  occurred  in  the 
dorso-lateral  region,  and  minute  specks  upon  the  fins.  An  upper  opercular  patch,  and 
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:i  patdi  at  the  baso  of  tlio  poctoraj  fiii  also  wore  discorniblo.  Similarly  four  dark 
stripes  wore  observed  in  a lar<rer  speeimen  of  Gadus  luscus  (1D.‘>  mm.)  TS  inches  long, 
de.seribed  by  Prftfessor  .Melntosb.  d'ho  first  stripe  oeeurred  in  the  shoulder  region, 
passing  from  the.  front  of  the  first  dor.sal  fin,  and  ineluding  its  anterior  third,  and 
extending  to  the  ])eetoral  fin.  The  .second  stripe  jiassed  ventrally  from  a point  anterior 
to  the  middle  of  the  base  of  the  second  dorsal  fin,  while  the  third  stripe,  or  belt,  spread 
diagonally  downwanl  from  the  posterior  third  of  the  second  dorsal  fin  to  the  ventral 
bonier  of  tbe  turnk.  Only  traces  were  discernible  of  the  fourth  jiatch  or  strijie,  on 
the  surface  of  the  caudal  trunk  near  the  base  of  the  tail. 

What  is  the  meaning  of  this  ])henomenon?  IIow  ean  the  occasional  appearance  of 
definite  serial  stripes  or  ])atches  he  accounted  for,  in  species  of  fish  and  other  animals 
in  which  normally  they  are  absent?  It  would  he  interesting  to  trace  out  embryo- 
logically  the  development  of  a handed  or  barred  arrangement  in  the  external  coloration 
of  fishes,  and  to  point  out  examples,  discovered  in  recent  years,  of  larval  and  post- 
larval  arrangements  of  pigment  in  the  integument;  but  in  this  paper  the  attempt  will 
not  be  made,  and  a few  salient  points  alone  will  be  set  forth.  !Most  people  familiar 
with  our  common  food  fishes  have  asked  the  question,  “What  is  the  explanation  of  the 
black  thumb-mark  on  the  shoulder  of  the  haddock?”  Why  do  not  closely  related  fishes 
such  as  the  cod,  pollock,  and  other  species,  exhibit  similar  dark  patches  or  spots?  The 
English  whiting  {Gadus  merlangus)  does  show  a patch  of  black  at  the  base  of  tho 
pectoral  fin  or  rather  in  the  axil  of  the  fin,  and  the  post-larval  stage  IJ-inch  (28  mm.) 
long,  shows  thirteen  or  more  spots  or  partial  stripes  of  black  along  the  dorsum,  as 
Professor  McIntosh  has  described  and  figured,  4,  p.  17,  vide  Plate  IX.,  fig.  5.  Dr. 
Gunther  pointed  out  (2,  p.  540)  that  in  Greenland,  Iceland,  and  Xorthern  Scandinavia, 
the  common  cod  exhibits  a large  irregular  blotch  of  black  pigment  on  the  side;  but  the 
absence  of  striking  dark  patches  in  species  closely  related,  as  just  stated,  can  only  be 
explained  on  the  grouird  that  such  stripes  are  of  little  utility,  and  that  a barred 
coloration  is  not  essential  to  the  welfare  of  the  fish.  There  are  many  living  creatures 
to  which  a patched  or  banded  condition  appears  to  be  of  vital  importance.  Spots  and 
stripes  have  been  proved  to  be  of  value  for  protective  purposes,  especially  for  conceal- 
ment, but  such  purposes  cannot  be  ser^'ed  by  the  presence  of  dark  bands  along  the  body 
in  the  haddock  or  bib,  and  any  key  to  the  origin  and  meaning  of  such  coloration  must 
be  sought  more  remotely.  There  can  be  little  doubt  that  the  significance  of  these  serial 
stripes  is  ancestral.  Beddard  called  attention  to  the  fact  (6,  p.  19)  that  among 
segmented  creatures,  like  worms,  caterpillars,  etc.,  we  find  a pattern  of  coloration  con- 
forming exactly  to  the  segmentation  of  the  body.  Bings  of  colour  correspond  to  the 
rings  of  the  body.  Now,  in  their  earliest  larval  condition  young  fishes  have  a long 
cylindrical  body,  like  a worm  or  eel,  and  it  shows  division  into  segments  or  serial  body- 
rings,  called  metameres.  May  it  not  be  the  case  that  the  bars  or  serial  patches  of 
colour  primitively  correspond  to  the  muscle-segments,  the  myotomes  or  metameres?* 
If  a segmented  body  be  typical  of  the  ancestral  form  of  animals,  there  is  strong  pre- 
sumption that  repeated  spots  and  stripes  along  the  surface  of  the  body  may  be  ancestral 
also.  As  I ventured  to  point  out  in  a paper  on  this  subject  of  “Animal  Coloration” 
(7,  pp.  154-155)  ; “In  some  flat  fishes  the  bars  along  the  sides  of  the  body  divide  into 
spots  or  large  patches,  four  rows  of  them,  and  still  preserving  their  metameric  or  serial 
succession  from  the  head  to  the  tail.  Thus  from  successive  cross-stripes  the  spots 
arise,  and  these  surface  arrangements  of  colour  continue  long  after  the  internal  orgams, 
the  muscles,  etc.,  have  wholly  altered  their  original  anatomical  arrangement.  Further, 
the  successive  series  of  spots  may  unite  later  as  longitudinal  stripes,  and  such  stripes 
we  find  in  the  post-larval  ling  (Molva).”  We  have  thus  a key  to  the  arrangement  of 

•The  late  ITofessor  J.  A.  Ryder  said  ( Embryography  of  Osseous  Fishes,  U.S.  Fish  Comm. 
Rep.  1882,  Washington,  1884,  p.  502)  : “The  pigment  cells  are  stellate,  and  exhibit  a slow 
amoeboid  or  migratory  movement  as  development  proceeds,  becoming  aggregated  at  a later 
period  by  this  means  into  patches  upon  definite  regions  of  the  body.” 
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colour  in  a vast  number  of  animals.  Professor  McIntosh’s  description  of  the  young 
cod  is  interesting:  “The  minute  larval  cod  escapes  from  the  egg,”  says  that  authority, 
“marked  by  a series  of  transverse  bars,  then  the  black  pigment  is  re-arranged  longi- 
tudinally along  the  dorsum  as  it  swims  high  in  the  water.  To  this  is  added,  by  and  by, 
yellow  pigment,  causing  (with  the  black)  a greenish  hue.  When  it  seeks  the  rocky 

margins  it  becomes  boldly  tessellated the  larval  haddock  has  no  transverse  bars, 

though  bred  side  by  side  with  the  cod;  but  the  dorsal  band  of  black  i)igment  is 
developed  in  the  next  stage  (post-larval).  Instead  of  seeking  the  shore  the  little 
haddock  keeps  to  deep  water,  and  it  soon  develops  the  characteristic  bold  touches  of 
black  on  the  sides  above  the  pectoral  region.”  (5,  p.  237.) 

But  the  presence  of  stripes  or  transverse  bars  of  colour  is  not  confined  to  pelagic 
larval  fishes  out  in  the  open  sea,  like  cod,  etc.,  for  even  familiar  shore  fishes  in  their 
young  stages  often  show  this  striking  arrangement  of  pigment.  Thus  I find  in  the 
common  cunner,  or  sea  perch  {Tauto golahrus  adspersus)  so  abundant  along  our  eastern 
shores,  the  young  forms  exhibit  the  transverse  bars,  eight  or  nine  dark  ochre  bands 
richly  spotted  with  black  dots,  extending  from  the  head  region  to  the  base  of  the  tail, 
when  the  fish  is  barely  half-an-inch  long  (13.5  mm.).  See  Plate  IX.,  fig.  8.  The 
young  salmon  of  the  Pacific  and  Atlantic  rivers,  as  is  well  known,  show  definite  stripes. 
The  young  sockeye  or  red  salmon,  Oncorhynchus  nerka,  seven  months  old,  shows  eleven 
to  twelve  bars,  and  the  Atlantic  salmon  parr,  Salmo  solar j shows  nine  or  ten  such  bars 
or  stripes.  (Plate  IX.,  figs.  6 and  7).  The  pigment  spots,  of  which  these  coloured 
bands  and  patches  are  composed,  are  rounded  particles  of  naked  ijrotoplasm,  i)acked 
with  coloured  granules  and  capable  of  contracting  and  expanding  in  stellate  form. 
The  centre  or  nucleus  is  often  more  deeply  coloured  than  the  rest  of  the  corpuscle.  A 
group  of  such  pigment  corpuscles  or  cells  from  the  skin  of  a young  fish  h of  an  inch 
long  (a  larval  Gastrosteus  aculeatus  8-9  mm.)  are  shown  on  Plate  IX.,  fig.  9.  These 
coloured  particles  move  with  such  facility  under  the  influence  of  light  or  electrical, 
chemical  and  nervous  stimuli,  that  the  arrangements  of  colour  may  tmdergo  very  rapid 
changes.  The  tranformation  of  spots  into  bars,  by  serial  aggregation,  or  the  separation 
of  transverse  stripes  into  separate  rounded  patches,  can  be  readily  understood.  But  the 
most  interesting  point  that  arises  in  connection  with  these  striped  haddocks  is  this, 
that  they  demonstrate  the  resumption  at  times  of  an  arrangement  of  colour,  which 
must  have  ancestrally  applied  to  the  species  as  a whole;  but  now  appears  only  errati- 
cally and  locally.  The  causes  of  such  ancestral  reminiscence  are  obscure  and  little 
understood.  Ancestral  traits,  long  lost,  even  amongst  human  beings,  occasionally 
reappear,  and  amongst  such  fishes  as  the  haddock,  an  ancestral,  long-lost  arrangement 
of  external  coloration  is  revived  at  times,  and  may  even  become  marked  as  a not 
infrequent  local  variation  as  in  the  striped  Passamaquoddy  haddocks. 

The  black  stripes  have  disappeared  altogether  in  the  adult  cod;  but  a remnant 
persists  in  the  ordinary  haddock  as  a black  blotch  in  the  shoulder  region,  the  dark 
“thumb-mark.”  Such  blotches  or  thumb-marks,  when  repeated  serially,  must  be 
regarded  therefore  as  atavistic,  a reappearance  of  an  ancestral  trait  or  feature,  which 
in  most  specimens  has  practically  disappeared. 
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EXPLANATION  OF  PLATE. 


Plate  IX. 


Fig.  1.  Haddock,  Gadus  aegtefinus,  showing  usual  “thumb-mark.” 

“ 2.  Haddock,  Gadus  aegtefinus  (ll|-inch  long),  with  six  transverse  bars  or 

thumb-marks. 

“ 3.  Haddock,  Gadus  aegtefinus  (15-inch  long),  with  four  transverse  bars  or 
thumb-marks. 

“ 4.  European  BiVj,  Gadus  tuscus  (2%-inch  long),  with  four  transverse  bars, 

after  "W.  C.  McIntosh. 

“ 5.  European  Whiting,  G.  mertangus  (l|-inch  long),  with  thirteen  partial 

bars. 

“ 6.  Atlantic  Salmon  parr,  Satmo  satar,  with  nine  lateral  patches  enlarged 

one-third. 

“ 7.  Pacific  Sockeye  salmon  parr,  Oncorhynchus  nertca,  eight  months  old,  with 

12  or  14  lateral  patches,  somewhat  enlarged. 

“ 8.  Cunner  or  Sea  Perch,  Tautogotahrus  adspersus  (4-inch  long),  with  nine 

lateral  bars. 

“ 9.  Black  Chromatophores  or  i)igment  spots  in  the  skin  of  the  Stickleback 

( G.  aculeatus) .yC^  250. 
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NOTES  ON  THE  PHYTO-PLANKTON  OF  THE  BAY  OF  FUNDY  AND 

PASSAMAQUODDY  BAY. 


Jiy  L.  \V.  BaileYj  ^l.A.,  Pli.L).,  LL.D.,  F.K.S.C.,  Emeritas  Professor  of  Natural 
History  in  the  University  of  Neiv  Brunswick,  Fredericton,  N.B. 

In  previous  publications  relating  to  the  Diatoms  of  New  Brunswick  and  Prince 
Edward  Island,  fairly  complete  lists  of  these,  as  found  at  a series  of  localities  along 
the  Atlantic  coast,  have  been  given,  but  no  attempt  has  been  made  to  distinguish 
between  littoral  or  neritic  and  deeper  water  or  planktonic  forms,  or  to  show  the  rela- 
tions of  either  of  these  to  differences  of  season  and  environment.  Yet  it  is  obvious 
that,  as  with  other  plants,  such  varying  relationships  do  exist,  and  as  their  varying 
abundance  must  directly  affect  the  food  supply  of  the  different  animals,  such  as  young 
fishes,  oysters,  etc.,  which  feed  upon  them,  as  complete  a knowledge  as  possible  upon 
these  points  is  highly  desirable. 

The  present  notes  are  intended  mainly  to  apply  to  the  Phyto-Plankton  of  the  bay 
of  Fundy  and  Passamaquoddy  bay,  though  occasional  references  are  made  to  points 
on  the  north  shore  of  New  Brunswick  and  to  Prince  Edward  Island.  Moreover,  as 
the  line  between  planktonic  and  non-planktonic  forms  is  ill-defined,  species  ordinarily 
regarded  as  neritic  are  not  unfrequently  met  with  far  from  shore,  and  may  even  con- 
stitute a considerable  part  of  any  planktonic  gathering.  In  the  following  pages,  lists 
of  such  gatherings  from  numerous  localities  are  given  for  the  various  months  of  the 
year,  excepting  December,  for  which  latter  month  no  data  are  yet  available. 


I.  SEASONAL  AND  DISTBIBUTIONAL  VARIATIONS  IN  THE 

PHYTO-PLANKTON. 


(a)  January. 


The  following  records  were  made  during  this  month : — 


Biological  Station,  January  1. 

Chodoceras  decipiens,  Cleve.  Abundant. 
Biddulphia  aurita,  Breb. 

C oscinodiscus  eccentricus,  Ehr. 

A fine  Radiolarian  (Actinophrysl). 

Chance  Harbour,  January  12. 

Diatoms  few,  mainly — 

C oscinodiscus  eccentricus,  Ehr. 
Actinoptychus  undulatus,  Ivutz. 
Clicetoceras  decipiens  (few). 

Biddulphia  Mobilensis,  Bailey. 


Bald  Head,  January  15. 

Biddulphia  Mobilensis,  Bail.=ZL  Baileyi,  Sm. 

C oscinodiscus  eccentricus,  Ehr. 

Clicetoceras  decipiens,  Cleve.  = Ch.  sociale.  Land. 
Skeletonema  costatum,  Grev. 

Fragillaria. 


94 


nt:i’MnMt:sT  or  rur  \.\val  srinicr 


7 GEORGE  V,  A.  1917 

Wilson's  Boaoli,  .Tniniiiry  H>. 

Hiddidphia  ^^ohilcn.sis,  Hail. 

('osriiwdiscns  eccetd rirus,  Klir.  ('oinnion. 

Uhizosolenia  set  if/era.  Hr. 

Friar’s  Hay,  ( 'ainpol»ello,  .laniiary  20. 

Diatoms  few. 

Cliddocerax  decipiena,  C'leve. 

Head  Harbour,  C’ampobello,  January  27. 

Hiddidphia  Mohileiisis,  Hail. 

Coscinodiscus  ccceirtricus,  Khr. 

“ concinnus,  W.  Sm. 

Chfrtoceras  decipiens,  C'leve. 

“ horeale.  Hail.  Rare. 

Rhizosolenia  setigera.  Hr. 

St.  John  Harbour,  Januai’y  27. 

Diatoms  few. 

Hiddidphia  Mohilensis,  Hail. 

Actinoptgchus  undulatus,  Kutz. 

Coscinodisciis  eccentricus,  Fhr. 

Paralm  fndcata. 

Rhizosolenia  setigera,  Br. 

Seely’s  Cove,  January  31. 

Biddulphia  ^[ohilensis,  Bail. 

C oscinodiscus  asteromphalus,  fihr. 

“ concinnus,  W.S. 

Chcetoceras  decipiens.  Rare. 

Rhizosolenia  setigera,  Br. 

Friar’s  Bay,  Campobello,  January  30. 

Cocconeis  scutellum,  Ebr.  In  clusters  on  alpra*.  Abundant. 

Letite. 

Thalassiosira  sociale.  One  specimen  only. 

Lepreau,  January  29.  Water  temperature,  33°  F. 

Hiddulphia  Mohilensis,  Bail. 

Pleurosigma  formosum,  W.S. 


{h)  February. 

The  Plankton  during  this  month  is  much  richer,  both  in  number  and  variety, 
than  that  of  the  preceding  month.  The  following  observations  have  been  made; — 

St.  Andrews  Harbour,  February  1!>. 

Chcetoceras  decipiens,  Cleve. 

“ sociale. 

Coscinodiscus  eccentricus,  Ehr. 

radiatus,  Orun. 

“ asteromphalus,  Ehr. 

“ concinnus,  W.S. 

Hiddulphia  aurita,  Breb. 

“ pnlchella.  Or. 


I’llYTn-ri.W l\TO\  OF  n.\Y  of  FFSOY 


95 


SESSIONAL  PAPER  No.  38a 

Melosira  suhHexilis,  Kutz. 

Pleurosiyma  decorum.  Sin. 

“ fonnosum,  W.S. 

“ strujoHum  ( 0 W.S. 

Rhizosolenia  setigera,  Hr. 

Paralia  mlcnta. 

Pkeletonema  coslatum,  (irov. 

Thalassiosira  Xordcmskioldii,  (’leve. 

Biological  Station,  St.  Andrew.'^,  Fel)ruary  27. 

B iddulphia  aurita,  Hrob. 

Actinoptychiis  undulatus,  Ehr. 

C li/vtoceras  sociale,  Land. 

V decipiens.  Cl. 

C oscinodiscus  eccentricus,  Ehr. 

Grammatophora  marina,  Kutz. 

Pleurosigma  fasciola,  Sm. 

“ decorum. 

Tlialassiosira  Xordenskioldii,  Clove. 

Thalassiothrix. 

Rhizosolenia  setigera.  Hr. 

IManawagonish,  St.  John  County,  X.H.,  Fehruary  5. 
Coscmodiscus  eccentricus,  Ehr. 

Ditylum  Brightivellii,  Gruii. 

Rhizosolenia  setigera.  Hr. 

Skeletonema  costatum,  Grev. 

Thalassiosira  nitsch  ioides. 

St.  John,  lleversing  Falls,  February  14.  Tempi'rature,  32°  F. 
Actinoptychus  undulatus,  Ehr. 

Biddulphia  Mohilensis,  Hail. 

Coscinodiscus  asteromphalus,  Ehr. 

“ eccentricus,  Ehr. 

“ radiatus,  Ehr. 

Melosira  suhflexilis,  Kutz. 

Pleurosigma  formosu m. 

“ fasciola,  W.S. 


(c)  March. 


St.  Andrews,  K.H.,  West  Light,  ^larch  IT. 

Chfctoceras  decipiens,  Cleve. 

“ sociale. 

Coscinodiscus  concinnus,  W.S.,  with  ehroinatophores. 
Biddulphia  aurita,  Breh. 

Pleurosigma. 

Thalassiosira  Xordenskioldii,  Cleve. 
doe’s  Point. 

Biddulphia  aurita,  Hreh. 

“ pulchella. 

Chadoceras  decipiens,  Cleve. 


96 


DKPARTMEM  OF  THE  2V.4V.17.  SERVICE 


(J oscinodiacus  a.stcromjdtnlus,  Klir. 
“ concinmis,  W.S. 

‘‘  radiatus,  Grun. 

Melosira  suhflexilis,  Kutz. 
Ixhizosolenia  setigeraj  Er. 

D..ucett’s  (Dochet)  Island,  ^larcli  27. 

Chcvtoceras  decipiens.  Cl. 

“ sociale. 

Coscinodiscus  eccentricus,  Elir. 
Biddulphia  pulchella. 

“ aurita,  Breb. 

Pleurosigma. 

Thalassiosira  XordensJcioIdii,  Cl. 
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St.  Croix  Biver,  at  mouth,  !Mareh  28. 

Biatoms  abundant. 

Biddulphia  aurita,  Breb.  Common. 

pulchella,  Gray.  Common. 
Chadoceras  decipiens,  Cl. 

C oscinodiscus  concinnus,  W.S.  Common. 

“ asteromphalus,  Elir.  Common. 

“ radiatus,  Grun.  Rare. 

Fragillaria  capucina,  Desm. 

Melosira  varians,  Ag. 

Rhizosolenia  setigera,  Br. 

Thalassiosira  XordensJcioIdii,  Cl. 

Doucett’s  (Dochet)  Island,  March  27. 

Chcetoceras  decipiens.  Cl. 
sociale. 

C oscinodiscus  eccentricus,  Ebr. 

Biddulphia  pulchella,  Gray. 

aurita,  Breb. 

Pleurosigma. 

Thalassiosira  XordensJcioIdii,  Clevc. 

St.  Andrews  Harbour,  March  4. 

Biddulphia  aurita,  Breb. 

Cheetoceras  decipiens,  Cl. 

“ sociale.  Land. 

C oscinodiscus  asteromphalus,  Ehr. 

Melosira  Jerghensii,  Ag. 

Pleurosigma. 

Letite,  !March  28. 

Biddulphia  aurita,  Breb.  Common. 

“ pulchella.  Gray.  Abundant. 

C oscinodiscus  asteromphalus,  Ehr.  Common. 

“ concinnus,  M'.S.  Common. 

Chcvtoceras  decipiens,  Cl.  Common. 

“ horeale.  Bail.  Rare. 
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{d)  April. 

St.  Andrews,  April  19. 

Biddulphia  auriia,  Breb. 

pulchella.  Gray. 

Coscinodiscus  eccentricus,  Elir. 

‘‘  concinnus,  W.S. 

Chcctoceras  decipiens.  Cl. 

“ sociale,  Land. 

VragiUaria  capucina. 

Thalassiosira  Xordenskioldii,  Cl. 

St.  Andrews,  April  9. 

Actinoptyclius  undidatus,  Elir. 

Chcetoceras  decipiens,  Cl.  Few. 

Biddulphia  aurita,  Breb. 

Coscinodiscus  eccentricus,  Ehr. 

Ditylum  Brightwellii,  Grun. 

Nitschia  sigmoidea,  W.S. 

“ closterium. 

Melosira  Jerghensii,  Ag. 

Pleurosigma  fasciola,  W.S. 

“ intermedium,  and  others. 

St.  Andrews  Harbour,  April  17. 

Biddulphia  aurita,  Breb.  Abundant. 

Chcetoceras  decipiens,  Cleve. 

Coscinodiscus  aster  omphalus,  Ehr.,  with  Chromatophores. 

Th-alassiosira  K ordenslcioldii.  Two  varieties.  Very  abundant. 

Similar  forms  are  met  with  at  Vavy  island.  Little  Houchet  islands.  Mill  Cove, 
Eastport,  Campobello,  and  other  points. 

(e)  May. 

Robbinston,  Me.,  in  the  watei’s  opposite  the  Biological  Station,  St.  Andrews. 
X.B.,  May  23  and  25. 

Biddulphia  pulchella.  Gray. 

Chcetoceras  decipiens.  Cl. 

Coscinodiscus  concinnus,  Sm. 

Fragillaria  capucina,  Desm. 

Pleurosigma  decorum.  Rare. 

“ (dudt.). 

Rhizosolenia  setigera,  Br. 

Thalassiosira  N ordenslcioldii.  Cl.  Common. 


t/)  June. 

West  Q noddy,  June  17. 

Actinoptyclius  undulatus,  Rutz. 

Coscinodiscus.  Rare. 

Cocconeis  scutellum,  Ehr. 

Gomphonema  marinum. 

Grammatophora  serpentina,  Ehr. 

“ marina,  Kutz.  Common  in  chains. 

Navicula. 

Pleurosigma  fasciola,  W.S. 

Bhahdonema  arcuatum,  Kutz. 
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Biolopii-al  Station,  .luno  2S. 

Aciinopii/rhus  uudulatua,  Kutz. 
li'uhhdphia  aitrita,  Hrob. 
Coscinodiscus  erceid ricus,  Klir. 
Meloiiira  Jerj/hensii,  Ag. 
Xavicula  dLifaus. 

viridis,  Kutz. 

rienroftujma  lialticum,  W.S. 

“ fasciola,  W.S. 
Tahellaria. 

Stephanopyxis. 

Xitschia  closterium . W.S. 

‘‘  vermicularis,  Grun. 
Rhahdonema  arcuatum,  Kutz. 
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(<7)  July. 

St.  Andrews,  X.B.,  near  Indian  Point,  July  7. 
liiddulpliia  aurifa,  Breb. 

Cluvtoceras. 

Coscinodiscus. 

Xavicula. 

Fleurosigma  strifjosum  ( ?)• 

Xitschia  sigma,  Sm. 

Rhahdonema  arcuatum,  Kutz. 

Synedra. 

Some  Protozoans  were  found  and  determined  in  this  July  eolleetion,  viz.: — 
Tintinnop.sis.  Common. 

Amphorella  suhulata. 

Rot  alia. 

Discorhina. 

Spirillina  (?). 
iJistephahus  speculum. 

Eastport,  Me.,  July  29. 

Skeletonema  costatum,  Grev. 

Actinoptychus  undidatus,  Ehr. 

Amphiprora  alata,  Kutz. 

Thalassiosira  X ordenskioldii,  Cleve. 

Cluvtoceras  decipiens.  Cl. 

‘‘  sociale,  I>and. 

Coscinodisus  asteromphalus,  Ehr. 

‘‘  concinnus,  S.M. 

‘‘  pccentricus,  Ehr. 


(h)  August. 

Friar’s  Bay,  Campobello,  Aujrust  1. 

F ragillaria  capucina,  Desm. 
Cluvtoceras  decipien?..  Cl. 

“ crinitum,  Sehutt. 
Xitschia  seriata.  Cl. 

Rhoicosph renia  cnrrata.  Grun. 
Rhizosolenia  setigera,  P>r. 
Skeletonema  costatum,  Grev.  Bare. 
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Eastport,  August. 

Coscinodiscus  asteromphalus,  Elir. 

**  concinnus,  W.S.  r 

Istkmia  nervosa.  Eare. 

Lirammatophora  serpentina,  Elir. 

West  Q noddy. 

Actinoptychus  undulalus,  Ehr. 

Fragillaria. 

Cyclotella. 

<J rammatophora  marina,  Kutz. 

“ serpentina,  Ehr. 

Chamcook  Harbour. 

Coscinodiscus  asteromphalus,  Ehr.  Coniiiioii. 

concinnus,  W.S.  Common. 

White  Horse. 

Coscinodiscus  eccentricus,  Ehr.  Common. 

“ asteromphalus,  Ehr.  Common. 

St.  Martins,  August,  1910. 

Amphora. 

Amphiprora  alata,  Kutz. 

Amphipleura  sigmoidea,  W.S. 

Actinoptychus  undulatus,  Kutz. 

C oscinodiscus  eccentricus,  Ehr. 

Grammatophora  marina,  Kutz. 

Melosira  nummuloides,  Ag. 

“ Jerghensii,  Ag. 

Xavicula  Smithi,  Breb. 

“ didyma,  Kutz. 

“ rhyncocephala,  Kutz. 

‘‘  distans. 

Nitschia  sigma,  W.S. 

“ sigmoidea,  W.S. 

“ duhia. 

“ vermicidaris,  Hautz. 

Pleurosigma  ohscurum,  W.S. 

Plagiotropis  vitrea,  Grun. 

Phahdonema  arcuatum,  K. 

Stauroneis  salina,  W.S. 

Surirella  striata. 

‘‘  avails,  Breb. 

“ constricta. 

“ Molleriana  (?)  Grun. 

Synedra  gracilis. 

“ radians,  W.S. 

Triceratium  alternans.  Bail. 

Tryhlionella. 

L’Etang  Harbour,  August  10. 

Coscinodiscus  asteromphalus,  Ehr.  Very  abundant. 
Biddulphia  MoMlensis,  Bailey. 

Chcetoceras. 

38a— 7 


100 


miPAUTMEST  or  VUE  y.WAL  SEFniCE 


Coccone'is  scniellum , Klir,  Kiire. 

“ placentuUi,  Khr. 
Grnmmaiophora  serpentina,  Khr. 
I'aralia  (Melosira)  sulcata. 

Xitschia  sigma,  W.S. 
lihizosolenia  setigera,  lir. 
rieurosigma  fasciola,  Sni. 

“ formosum,  W.S. 
Slceletonema  costatum,  (Jrc*v. 
Thalassiosira  X ordenskiohUi,  Clovo. 
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Deadman’s  Harbour,  August  10. 

Cho’toceras.  Common. 

Ditylum  Jlrightwellii,  (Jruii.  C'ommon. 

Asterionella.  Very  rare. 

Rhizosolenia.  setigera,  Br. 

Sheletonema  costata.  (^ommon. 

Thalassiosira  X ordenskioldii.  Cl. 

Tynemouth  Creek,  St.  John  County,  X.B.,  August. 

Chadoceras. 

Biddulphia  Mohilensis  (=  Ji.  Baileyi),  in  great  numbers,  making  up  tht 
larger  part  of  the  plankton. 

C oscinodiscus  asteromphalus,  Ehr. 

“ radiatus,  Ehr. 

Doryphora  amphiceros,  Kutz.  (=  Baphoneis). 

Pleurosigma  Balticum,  Sm. 

Actinoptychus  undulatus. 

Rhizosolenia  setigera. 

Xavicula  didyma. 

Narrows  of  St.  John  Kiver,  New  Brun.swick,  August  10. 

Actinoptychus  undulatus,  Ehr. 

Asterionella. 

Amphiprora  ornaia,  Bail. 

Bacillaria  paradoxa,  Gmel. 

C oscinodiscus  minor,  Ehr. 

Doryphora  Boechii.  W.S. 
fiomphonerna. 

Campylodiscus  crihrosus,  W.S. 

Cocconeis  scutellum,  Ehr. 

Melosira  nummuloides. 

.suhflexilis. 

Xavicula  elliptica,  K. 

‘‘  viridis.  Kg. 

“ oralis, 

1‘leurosigma. 

Bynedra  salina,  W.S. 

Surirella  striatula,  Turi). 

Tahellaria  fenestrata,  Kutz. 

T ryhlionella. 

Uhoicosphenia  currata,  (Irun. 

If oma’cladia  sigmoidea,  W.S. 

Zygoceros  (Biddulphia)  Mohilensis,  Bail. 

Isthmia  encrvis,  Ehr. 
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St.  floliii  Ifjirbour  mid  I locks,  August. 

A ctinoptychus  loidulaius. 

Amphiprora  (data. 

Aciiatdhes  lonyipes. 

‘‘  sidjsessilw. 

Bacillaria  paradoxa. 

Biddulphia  aurita.  Coiiimoii. 

Cocconeis  scxdellum. 

“ pediculxis. 

Coscinodiscus  radiatus. 

“ minor. 

“ eccentricus, 

Cocconema  cistula. 

Cyclotella  striata. 

Gomphonema  geminatum. 

Melosiia  nummuloides. 

“ Jerghensii. 

“ varians. 

Navicxda  didyma. 

“ rnaculata. 

“ ovalis. 

“ distans. 

A itschia  closteriuxxx. 

“ sigmoidea. 

vermicxdaris,  Hantz. 

Ox'thosira  marina. 

Pleurosigma  fasciola. 

Bhahdonema  arcxiatxxnx. 

“ minxituxn. 

Sxu'irella  gemma. 

T ryhlionella  gracilis. 

Triceratium  alternans. 

Ttaphoneis  {Dox-yphora)  BoecVii. 

“ ampliiceros. 


(0  Xcptexnher. 


“ PRIXCE  ” COLLECTIOX. 


September  8.  Station  17,  Yarmouth  Harbour;  7 fathoms. 

Diatoms  almost  wanting  in  the  plankton. 

Slceletonema.  Abundant. 

M itschia  sex'iata.  Kare. 

Coscinodiscus,  with  bright  green  chromatophores. 

September  19.  Station  20.  Bay  of  Fundy,  off  St.  John  Tfarbonr. 

Diatoms  few.  Copejiods  ab\mdant. 

September  20.  Station  21,  Kennebecasis  Bay.  at  east  end  of  Long  Island. 
Copepods  only. 
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September  21.  Station  22,  St.  .loliii  Kiver,  near  mouth  of  Kennebecasis  Kiver. 
Mclosira  subf{eu:ilis. 

Thalassionevia. 

September  21.  Station  2.1,  Hay  of  I’undy,  between  St.  Jolin  and  Digby,  X.S. 
Mehsira  subflexilia,  in  numerous  eliains  and  the  only  Diatom  present 
excepting  liiddulphia  Mobilevsls.  rare.  Copepods  abundant. 

September  22.  Station  20,  Anna])olis  Hasin,  above  Annapolis. 

A few  Coscinodisci  oecurred. 

September  23.  Station  21,  Ray  of  Fundy,  between  St.  John  and  Digby. 

No  diatoms.  Copepods  only. 

September  23.  Station  25,  Bay  of  Fundy,  otf  Digby  Gut. 

No  diatoms. 

September  25.  Station  20,  Basin  in  river  inside  xVnnapolis  Royal. 

Ilhizosolenia  setigera  abundant  in  fine  groups.  Copepods  abundant. 

September  26.  Station  27,  Annapolis  River,  near  Goat  Island. 

Ilhizosolenia  setigera  abundant,  but  no  other  diatoms  present. 

September  27.  Station  2S,  lower  end  of  Annapolis  Basin. 

Coscinodiscus. 

Rhizosolenia  setigera,  with  spear-like  terminal  spine. 


(;)  October. 

October  3.  Station  4,  Passamaquoddy  Bay. 

Great  quantities  of  ldynedra-\ike  cylinders  dotted  on  margins.  Supposed 
to  be  a variety  of  Thalassionema.  Other  forms  wanting. 

October  9.  Station  6,  St  Croix  River  between  the  Biological  Station  and 
Robbinston,  Me. 

Same  as  Station  4. 

Jetober  16.  Station  10,  Eastern  Entrance  to  St.  Andrews  Harbour. 
Ditylum.  Abundant,  with  chromatophores. 

Choetoceras  decipiens. 

Coscinodiscus  eccentricus.  Rare. 

Rhizosolenia  setigera. 

October  2.  Station  6,  St.  Croix  River. 

Coscinodiscus  asteromphalus. 

“ radiatus. 

Ditylum.  Rare. 

Thalassionema  (?)• 

October  19.  Station  19,  St.  John  Harbour. 

'Biddulphia  Mobilensis,  in  chains. 

Coscinodiscus.  Rare. 

Rh  izosolen ia  setigera. 
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Octolior  n.  Stntioii  0,  Off  (Jriiiid  Maiian. 

Coscinodisriis  eccentricAifi. 

Ch(rfoceraft  decipiens.  Karo. 

UUylum.  Common. 

Rhizosolenia  seiipera.  Common. 

Thalasstonenia  (?).  Very  abundant. 

Copepods  few. 

Ootober  0.  Station  10,  St.  Andrews  TTarbour. 
Principally  ThaJassionema.  Abundant. 

Chretoceras  decipiens. 

Difiihim.  With  frinfrod  extremities.  Pare. 
Rhizosolenia  setwera. 

Copepods  few. 

October  27.  Station  2.1,  Bay  of  Fundy,  off  Diaby  Gut. 
Chcrtoceras  decipiens. 

T h alassione  m a . Abiin  dant. 

C.meiwds.  etc.  Abundant. 


II.  NOTES  ON  THE  MORE  CHAR.^CTERFSTIC  GENER.^. 

Acnanthes. — Though  the  species  of  this  genus  are  usually  attached  by  a stipe,  and 
therefore  not  strictly  planktonic,  they  are  still  not  unfrequently  found  as  isolated 
frustules  or  small  chains  in  planktonic  gatherings.  The  most  common  species  is 
A.  suhsessilis,  found  along  with  A.  longipes  in  St.  John  harbour  in  August,  and  near 
Grand  Manan,  also  in  Passamaquoddy  bay  and  the  St.  Croix  river.  The  genus  is  more 
common  on  the  north  shore  of  ISTew  Brunswick. 

Actinoptychus. — Like  most  genera  of  circular  form,  this  genus  is  free-floating, 
and  though  nowhere  very  abundant,  is  widely  distributed.  The  only  species  is 
.4.  vndulatus.  It  was  found  in  Chance  harbour,  in  January;  at  the  Biological  Station, 
February  19,  in  the  reversing  Falls,  St.  John,  February  14,  near  St.  Andrews,  April  9, 
West  Quoddy,  June  17,  Biological  Station,  June  2S,  West  Quoddy,  August  1,  St. 
Martin’s  bay,  August,  Narrows  of  St.  John  river.  August  10,  but  was  not  observed  in 
any  of  the  samples  of  the  “ Prince  ” collection  in  September  and  October.  No  marked 
differences  except  as  regards  these  latter  months  as  to  relative  numbers  have  been 
observed,  either  as  regards  distribution  or  season. 

Amphiprora. — The  members  of  this  beautiful  genus  occur  but  sparingly  in  the 
plankton ; but  owing  to  their  delicacy  and  transparency,  the  residt  of  imperfect  silicifi- 
cation,  are  apt  to  be  overlooked..  Amphiprora  alata.  the  most  common  form,  was 
found  at  Eastport,  July  29,  St.  John  harbour  and  St.  Martins  in  August;  but  \vas  rare 
at  both.  The  very  beautiful  but  rare  Amp.  ornafa  was  obtained,  but  one  specimen  only, 
in  the  Narrows  of  the  St.  John  river,  August  10. 

Asterionella. — This  is  a typically  planktonic  genus,  common  in  the  plankton  of 
Europe,  as  well  as  America,  but  is  very  rare  in  that  of  New  Brunswick.  A species, 
doubtfully  referred  to  *4s.  Berheleyi,  has  been  found  in  considerable  numbers  at  some 
stations  in  the  Bay  of  Fundy. 

Biddulphia. — This  is  a very  characteristic  plankton  genus,  the  attachment  of  the 
frustule  to  form  chains  of  considerable  length  adapting  its  members  readily  to  flotation. 
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Of  its  si)ccies  the  most  eominon  is  H.  (luvUu,  found  on  almost  all  gatheriii{?s,  and  at 
almost  every  season.  It  occurs  in  .Ianuar>'  at  the  Iliological  Station;  at  St.  Andrews, 
again  in  February;  in  ^larch  and  April  at  various  stations  on  the  St.  ( roix  river  and 
Fassamaquoddy  hay,  as  also  in  dune  ami  duly.  It  is  common  in  the  waters  of  St. 
John  harbour  in  August,  and  probably  occurs,  though  not  yet  recorded,  in  the  later 
months.  No  examples  were  noted  in  the  “Prince”  series.  The  much  larger  species 
Ji.  Mohilensis  (=B.  Baileyi)  was  found  at  Chance  harbour.  Bald  Head,  Campo  Bello, 
St.  dohn  harbour,  Seely’s  Cove,  and  Lepreau,  at  different  dates  in  January  (the  water 
temperature  being  33°  F.),  and  on  lebruary  14  at  the  Keversing  I alls,  St.  John.  It 
was  not  observed  during  the  summer  months  about  Pas.samaquoddy  bay,  but  at  'I'ync- 
mouth  creek,  in  St.  John  county,  in  August,  it  was  so  abundant  as  to  make  up  the  bulk 
of  the  plankton,  and  on  September  27,  it  was  found  but  rarely  in  the  Bay  of  Fundy 
between  St.  John  and  Digby  Gut.  It  would  appear  to  be  more  common  in  deep  water, 
and  is  one  of  the  species  quoted  as  l)eing  characteristic  of  the  European  plankton. 
B.  pulchella  was  found  in  St.  Andrews  harbour,  February  19,  and  again  March  17,  and 
April  19,  but  it  is  very  rare. 


Chaetoceras. — This  is  the  most  typical,  as  it  is  also  the  most  common  and  wide- 
spread of  all  the  genera  which  distinguish  the  Phyto-plankton.  Of  the  several  species 
represented,  by  far  the  most  common,  both  as  to  numbers,  time,  and  place,  is 
C.  decipiens  usually  easily  recognized  by  the  narrow  slit-like  form  of  the  inter-cellular 
spaces.  It  was  abundant  on  January  1,  at  the  Biological  Station,  and  throughout  the 
month  at  other  points  about  Passamaquoddy  bay,  accompanied,  though  much  less 
abundantly,  by  the  C.  sociale.  Both  of  these  species,  but  with  the  same  difference  in 
relative  numbers,  were  found  through  February  in  St.  Andrews  harbour,  and  again  in 
March,  extending  up  the  vSt.  Croix  river  to  and  above  Doucett’s  island.  Both  species 
were  similarly  found  all  through  April  and  May  but  became  less  common  in  June,  and 
still  less,  in  the  latter  months,  though  both  were  found  at  Eastport  July  29,  and  Campo- 
belle  August  1.  Xo  specimens  were  found  in  the  August  plankton  of  St.  Martin’s  or 
St.  John,  though  found  during  this  month  in  collections  from  L’Etang  and  Deadman’s 
harbour.  In  the  “Prince”  series  the  only  records  of  this  genus  are  Chaetoceras 
decipiens  at  the  eastern  entrance  of  St.  Andrew’s  harbour  October  16,  and  the  same 
species  at  Grand  Manan,  but  rarely,  on  October  3 and  27. 


Coscinodiscus. — This  genus  is  almost  invariably  i)resent  in  the  marine  plankton, 
and  sometimes  to  the  exclusion  of  almost  everything  else.  The  most  common  species 
is  C.  asteromphalus,  Ehr.,  easily  distinguished  by  the  conspicuous  central  rosette  of 
cells;  and  C.  concinnus,  remarkable  for  its  large  size,  fine  radial  sculpture,  and  short 
marginal  stria;.  Both  species  were  found  at  Campo  Bello  and  Seely’s  Cove  in 
January;  but  not  commonly.  Both  again  were  obtained  in  St.  Andrews  harbour, 
February  19  and  March  18,  and  were  abundant  at  La  Tete,  ^larch  28.  They  were 
common  in  April  in  St.  Andrews,  as  also  in  succeeding  months  at  many  different 
stations  both  in  Passamaquoddy  bay  and  the  bay  of  Fundy.  In  almost  all  instances 
they  were  accompanied  by  the  much  smaller  species  C.  ecceniricus  and  less  frequently 
by  C.  radiatus. 

Dilyhtm. — This  genus,  though  frequently,  and  sometimes  abundantly  represented 
in  the  plankton  of  the  bay  of  Fundy  and  Passamaquoddy  bay,  is  one  as  to  whose 
relationships  much  doubt  still  exists.  Eirst  named  and  described  by  the  date 
Professor  J.  \V.  Bailey  of  West  Point,  X.Y.,  it  was  subsc^cpiently  refern'd,  by 
West  and  others,  to  Triceraiium,  while  this  latter  genus  was  itself  later  referred  to 
Blddiilphia.  Except,  however,  in  the  outline  of  the  valves,  varying,  as  in  Triceraiium 
from  triangular  to  quadrangular  and  pentagonal,  it  bears,  as  remarked  by  ^lann  in 
his  report  on  the  Diatoms  of  the  Albatross  Expedition,  not  the  remotest  ?-esemblance 
to  the  genus  last  named. 
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As  found  in  New  Brunswick  waters  the  genus  JJitylum  (dis,  two,  and  tyle,  a 
swelling)  is  usually  in  the  form  of  a lengthened  quadrate  cylinder,  due  to  the  great 
length  of  its  zone  or  girdle,  the  terminal  valves  being  somewhat  puckered  or  con- 
stricted, with  slight  but  consi)icuous  bristles  at  the  angles  bordering  a circle  or  fringe 
of  very  delicate  and  short  bristles,  from  the  centre  of  which  springs  a single  long 
and  stout  spine.  The  sculpture  of  the  valve  is  radio-punctate,  the  rays  being  delicate 
and  grouped  around  the  base  of  the  central  spine.  The  arcolation,  so  marked  in 
Triceratium,  is  entirely  wanting.  Though  usually  triangular,  specimens  have  been 
observed  in  which  triangular,  quadrate,  and  pentagonal  valves  have  been  found, 
enclosed  in  the  same  connecting  membrane,  which  is  very  imperfectly  silicified.  In 
the  writer’s  opinion  the  forms  are  much  morti  nearly  related  to  Ilhizosolenia  and 
Corethron,  than  to  either  Triceratium  or  Biddulphia.  They  are  often  found  in  groups, 
of  which  the  individuals  may  be  attached  either  laterally  or  by  the  ends,  on  the 
sagittal  plane.  As  to  distributional  and  seasonal  variations,  the  representatives 
of  the  genus  Ditylum  have  been  found  in  the  bay  of  Fundy,  near  St.  John,  in 
February,  and  at  St.  Andrews  in  April,  but  only  rarely.  They  were  abundant  in 
Deadman’s  harbour,  August  10,  and  especially  abundant  in  St.  Andrews  harbour, 
and  otf  Grand  Manan,  in  October.  They  were  also  observed  during  this  latter  month 
at  the  mouth  of  the  St.  Croix  river,  but  rarely. 

Fragillana. — This  genus,  though  usually  to  be  found  in  plankton  collections 
elsewhere,  is  not  common  in  the  region  under  review.  This  species  represented  appears 
to  be  mainly  Fr.  capucina  and  Fr.  pacifica  (?)• 

Gramtnataphora. — The  species  Gr.  marina  and  Gr.  serpentina  are  both  found  in 
the  bay  of  Fundy  and  Fassamaquoddy  bay,  but  not  very  generally.  They  were  both 
found  rather  abundantly  and  forming  long  chains  in  the  waters  about  West  Quoddy 
Head  on  the  28th  of  June;  at  Eastport,  August  1 and  St.  Martins,  also  at  L’Etang 
harbour,  August  10.  None  were  observed  in  the  ‘‘Prince”  collections,  made  in 
September  and  October. 

Hyalodiscus. — This  genus,  as  represented  by  the  species  H.  suhtilis,  is  occasion- 
ally met  with  in  the  plankton,  but  not  in  sufficient  numbers  to  be  made  the  basis  of 
comparative  statements.  It  is  found  but  rarely  in  Fassamaquoddy  bay. 

Isthmia. — Only  a few  specimens  of  this  genius,  including  both  I.  nervosa  and  I. 
enervis,  have  been  observed  in  the  summer  plankton  about  Campo  Bello;  but  not  in 
Fassamaquoddy  bay. 

Melosira. — No  genus  is  more  widely  or  more  abundantly  met  with  than  this,  its 
rabit  of  forming  long  chains,  some  times  including  thirty  or  more  frustules,  making 
it  quite  conspicuous.  The  most  common  species  is  M.  nummuloides,  though  M. 
varians  and  M.  Borerii  and  M.  Jerghensii  are  by  no  means  rare.  They  have  been 
found  at  various  stations  jn  the  bay  of  Fundy  and  also  about  Fassamaquoddy  bay. 
M.  suiflexilis  was  found  at  St.  John  and  St.  Andrews,  in  February  and  March,  the 
others  almost  everywhere  during  the  summer  months.  In  the  “ Prince  ” collection 
M.  suhflexilis  was  obtained  between  St.  John  and  lligby  on  the  21st  of  September, 
and  quite  abundantly. 

Navicula. — Specimens  of  this  genus,  which  includes  a very  lilrge  number  of 
species,  are  found  in  nearly  all  collections,  but  the  majority  of  the  latter  are  littoral 
rather  than  pelagic  or  planktonic.  Of  those  occurring  in  the  plankton  one  of  the 
most  common  and  widely  distributed  is  N.  didymo,  which  has  been  found  during  the 
summer  months  at  many  points  along  the  coast  between  Grand  ^lanan  and  St. 
^lartins.  A',  distans  and  A^.  Smittiii  (including  Xelliptica)  are  also  of  common 
occurrence;  but  none  have  yet  been  recorded  from  winter  collections.  They  are 
common  in  Fassama(]uoddy  bay,  in  July'  and  August. 
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y itscJiia. — 1 hou);li  rcpresf'iife<l  irfiiorally,  and  liy  a larfre  number  of  species,  few 
ot  these  are  foiiTul  in  the.- plankton,  f he  most  common  are  ^V.  siqmoidea  and  *V. 
closterium,  found  near  St.  Andrews,  April  19.  N.  Sigma  was  observed  at  the  same 
station  .Tidy  ith,  and  A.  seriata  in  August.  liesides  the  above  N.  duhia  and  *V.  vermi- 
cularis  were  found  at  St.  Martins  in  August;  N.  closterium,  N.  sigmoidea  and  -V. 
vermicularts  in  St.  .Tohn  harbour  during  the  same  month.  X.  seriata  was  obtained 
trom  the  “Prince”  collection,  at  Station  3 (between  Head  harbour  and  the  Wolves) 
September  18;  but  not  from  other  points.  None  were  observed  in  October  gather- 
ing.s. 


Pleurosigma. — Though  a littoral  and  brackish  water  genus,  some  of  its  species 
are  also  pelagic  and  planktonic.  P.  decorum  and  P.  formosum  were  found  in  St. 
Andrews  harbour  February  19;  P.  fasciola  and  P.  decorum  at  the  Biological  Station 
February  27;  the  same  at  the  Beversing  Falls,  St.  John,  February  14;  at  Doucette’s 
island  in  March;  P.  intermedium  and  others  in  St.  Andrews  harbour,  April  17;  P. 
fasciola  at  M est  Quoddy  .Tune  17;  P.  Balticum  and  P.  fasciola  at  the  Biological 
Station  .June  28;  and  P.  ohscurum  at  St.  Martins  in  August.  P,  fasciola  and  P. 
formosum  were  found  in  L’Etang  harbour  August  10,  and  P.  Balticum  at  Tyne- 
mouth creek  August.  No  representatives  of  the  genus  were  found  in  the  “ Prince 
collections  of  September  or  October. 

Bhahdonema. — Isolated  frustules,  and  more  rarely  short  chains  of  li.  arcuatum 
are  occasionally  met  with  in  the  plankton,  but  are  not  common. 

Bhizosolenia. — This  is  one  of  the  typically  planktonic  genera,  and  as  represented 
by  R.  setigera,  is  often  very  abundant.  It  was  obtained  as  early  as  January  16  at 
M ilson’s  beach,  Campbello,  and  at  Seeley’s  cove  January  31 ; in  St.  Andrews 
harbour  February  19,  and  the  Biological  Station  February  27;  at  Joe’s  Point.  St. 
Andrews,  and  the  St.  Croix  river  March  28;  and  at  Robbinstown  !May  23;  but 
appears  to  be  absent  in  June  and  July.  It  was  found  at  Campbello  August  1,  and 
L’Etang  harbour  August  10,  also  at  Tynemouth  creek  the  same  month.  In  the 

“ Prince  ” series  it  was  September  27  at  the  lower  end  of  Annapolis  Basin  (with 
spear-like  enlargements  of  the  terminal  spines,  not  yet  observed  in  the  bay  of  Fundy  ), 
and  on  the  Annapolis  river,  near  Goat  island.  In  the  same  series  it  occurs  as  found 
in  St.  Andrews  harbour  October  10,  St.  .John  harbour  October  19  and  Grand  Manan 
(abundantly). 

Sheletonema. — This  is  another  of  the  distinctly  planktonic  genera,  its  adaptation 
to  a floating  life  being  effected  by  the  association  of  the  frustules  in  long  chains,  some- 
times embracing  forty  or  fifty  individuals.  It  is,  however,  characterized  by  much 
diversity  as  regards  size,  distribution  and  seasonal  variations.  It  was  found  at  Bald 
Head  .lanuary  15,  St.  Andrews  harbour  February  19  and  Manawagonish,  St.  .lohn 
county  Febraury  5;  but  no  occurrences  have  been  recorded  at  any  station  for  !^^arch, 
Ay)ril,  Alay,  or  .lune.  It  was  found  at  Eastport  .luly  29,  Campbello  August  1 (rare). 
L’Etang  harbour  and  Deadman’s  harbour  August  10.  From  the  “Prince”  collections, 
in  Sei>tember  and  October,  it  appears  to  be  wholly  absent. 

Thalassiosira. — Another  characteristic  plankton  genus,  easily  recognized  by  the 
interposition  between  the  widely  separated  frustules  of  long  filamentous  threads  (Slime 
threads  of  the  Germans).  Of  its  two  species  Th.  X ordenshioldii  is  the  more  common, 
but  exhibits  great  seasonal  differences.  It  was  found  in  January  and  February  at  the 
Biological  Station,  again  very  abundantly  about  Joe’s  point,  St.  Andrews,  on  !^fay  27, 
as  also  at  La  Tete,  Campbello  and  Eastport;  and  at  the  latter  station  again  on  July 
29;  Biological  Station  ^larch  17.  St.  Croix  river  and  La  Tete  !March  28;  Doucette’s 
island  !March  27;  Joe’s  point  April  30,  St.  Andrews  harbour  April  18,  very  abundantly; 


rnyTo-i’LA\KT()X  or  HAY  or  ruyoY 


107 


j SESSIONAL  PAPER  No.  38a 

]\ol)binstowii  May  23;  ]>iological  Station  ^fay  21,  very  abundantly.  It  was  found  at 
Kastport  in  July,  and  in  L’Etang-  harbour  August  10;  but  was  wanting  in  collections 
later  than  August  both  in  Passainaqnoddy  bay  and  the  Bay  of  Fundy.  It  would  seem 
to  attain  its  maximum  in  A])ril  and  ^lay. 

Thalassionema. — Forms  believed  to  be  referable  to  this  genius  have  been  found 
in  several  gatherings  made  by  the  “ Prince  ” in  Passamaquoddy  bay.  Some  of  these, 
collected  in  October,  being  composed  of  little  else.  The  frustules  bear  considerable 
resemblance  to  those  of  Synedra,  and  again  to  some  varieties  of  Rhizosolenia,  but  differ 
greatly  from  both.  The  most  remarkable  feature,  the  specimens  referred  to  is  their 
enormous  length,  running  from  300  to  800  mu,  with  a zonal  breadth  from  3^  to  8 mu. 
The  sculpture  along  the  edge  is  a very  minute  row  of  points,  perhaps  running  about 
1(?0  in  10  mu.  The  cells  show  variations  in  diameter,  and  are  often  curved  or  flexuose, 
but  do  not  taji>cr  at  the  ends  or  bear  bristles,  as  in  Rhizosolenia..  Perugallo  following 
Van  Heurck  places  the  genus  Thalassionema  between  Synedra  and  Thalassiothri.v. 
Dr.  McKay  is  disposed  to  regard  the  form  here  described  as  new.  It  may  be  a variety 
of  Thalassiothi’ix  niischioides. 


Ueolo  ical  Map  of  rassaniaqiKjddy  IJay  and  Surroundings,  by  I-  W.  P.ailey 
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THE  GEOLOGICAL  FEATURES  OF  THE  ST.  CROIX  RIVER  AND  PASSAMA- 

QUODDY  BAY. 


By  L.  W.  Bailkv,  LL.D.,  Ph.D.,  F.K.S.C.,  etc.,  Emeritus  Frofessor  of  Natural  History 

and  Geology,  University  of  New  Brunswick. 

(With  map.) 

Of  those  who  visit  the  Biological  Station  at  St.  Andrews,  whether  as  tourists 
or  as  members  of  the  statf  and  participants  in  its  work,  there  are  many  who,  attracted 
by  the  unusual  beauty  of  its  surroundings,  would  like  to  know  something  of  the  causes 
to  which  that  beauty  is  due.  I have  therefore  been  asked  by  members  of  the  Biologi- 
cal Board  to  prepare  a short  sketch  of  the  geological  features  of  the  region.  These, 
of  course,  are  fully  detailed  in  the  reports  of  the  Canadian  Geological  Survey,  but 
are  contained  in  many  different  volumes,  and  are  not  always  easily  accessible  and 
are  so  associated  with  the  geology  of  wider  areas  as  to  make  it  somewhat  difficult  to 
obtain  the  desired  facts.  In  this  sketch  only  those  are  given  which  seem  to  be  of 
general  interest. 


I. 

The  region  under  review  is  naturally  divided  into  three  sections.  Of  these,  the 
first  is  the  St.  Croix  river  proper,  a wholly  fresh  water  stream  having  its  sources  in 
connection  with  considerable  lakes  north  and  west  of  Vanceboro,  and  thence  flowing 
in  a southerly  direction  to  meet  the  second  section  at  the  falls  in  St.  Stephen.  The 
volume  of  water,  though  sufficient  for  lumbering  and  milling  pui'poses,  does  not  pro- 
duce any  appreciable  effect  on  the  salinity  or  density  of  the  water  in  this  second 
section. 

The  latter  may  be  called  the  St.  Croix  estuary,  and  extends  from  the  head  of 
tide-water  at  the  falls  in  St.  Stephen  to  the  vicinity  of  St.  Andrews,  where  it  gradu- 
ally widens  out  into  Passamaquoddy  bay.  Through  this  and  the  preceding  section, 
it  constitutes  a part  of  the  international  boundary.  The  third  section  is  that  of 
Passamaquoddy  bay  itself,  an  area  about  eleven  miles  wide  by  seven,  and  imperfectly 
separated  by  the  chain  of  the  Western  Isles,  from  the  waters  of  the  Bay  of  Fiindy. 

As  regards  the  geological  features  of  these  several  areas,  the  first  needs  but  little 
consideration  here.  North  of  ^lacAdam  Junction  the  rocks  are  mainly  granite, 
boulders  of  which  in  great  numbers,  and  often  of  very  large  size,  thickly  strew  the 
tract  surrounding  and  south  of  that  railway  centre.  Further  south  the  river  traverses 
two  wide  belts  of  slates,  of  which  the  more  northerly  are  pale  of  colour  and  carry 
obscure  organic  remains,  appearing  to  indicate  a Devonian  age,  while  the  more 
southerly  are  darker,  and  though  yielding  no  fossils,  are  believed  to  be  Cambro- 
Silurian.  Through  these,  at  many  points,  protrude  small  bosses  of  granite,  which 
about  St.  Stephen  become  more  considerable.  Near  the  town  last  named  they  con- 
tain large  bands  of  diorite  and  serpentinous  rocks  containing  considerable  bodies  of 
pyrrhotites  like  those  of  Sudbury,  Ont.,  which  they  closely  resemble,  and  carry  ores 
of  nickel,  though  the  percentage  of  the  metal,  so  far  as  at  present  known,  is  too  small 
to  admit  of  profitable  extraction. 


110 


itKi'Airr.uEXT  or  tiik  saval  i>ri{\ ice 


II. 


7 GEORGE  V,  A.  1917 


Helow  St.  Sti-phcMi,  at  wliicli  puiiit  we  enter  iij)oii  the  i-ecoml  or  estuarine  division 
of  the  St.  Croix,  tlie  rocks  on  tlie  west  side  of  the  stream  are  mainly  granite  all  the 
way  to  the  southern  part  of  liobbinston,  in  the  state  of  Blaine,  and  are  well  seen  in 
th.e  Devil’s  Head  and  again  in  Doucette  (Dochet)  or  St.  Croix  island,  upon  which 
Champlain  and  his  followers  spent  their  first  and  most  unfortunate  winter  in  Canada. 

On  the  eastern  side  these  granites  reappear  at  Oak  point,  as  also  on  the  shores 
of  Oak  hay,  either  side  of  Waweig  inlet,  but  in  the  upper  part  of  this  bay,  upon  both 
sides,  the  rocks  are  Silurian  and  yield  characteristic  fossils.  Near  the  head  of  this 
hay,  on  the  eastern  side,  are  kitchen-middens  or  Indian  shell  heaps,  marking  one  of 
the  sites  of  early  human  prehistoric  occupation.  About  tw’o  miles  below  the  entrance 
of  Oak  bay,  Silurian  rocks  again  occupy  the  shore,  being  the  western  termination 
of  a belt  of  such  rocks  extending  eastward  to  and  beyond  Bocabec  bay  on  the  north 
side  of  the  latter.  At  the  mouth  of  Bocabec  river,  east  side,  are  still  other  shell 
heaps  of  Indian  origin,  from  which  have  been  obtained  a considerable  number  of 
aboriginal  relics.  A full  account  of  this  old  encampment-ground  and  of  the  articles 
obtained  from  it,  may  be  found  in  one  of  the  bulletins  of  the  Ne\v  Brunswick  Natural 
History  Society. 

The  same  Silurian  belt  includes  Chamcook  lake  and  Chamcook  mountain.  It 
is  composed  in  part  of  massive  sandstones,  elsewhere  fossiliferous,  and  in  part  of 
volcanics,  partly  interbedded  with,  but  mainly  resting  on,  the  latter.  Fine  exposures 
of  these  volcanics  may  be  seen  along  the  line  of  the  Canadian  Pacific  Railway,  which 
traverses  the  eastern  side  of  the  lake,  and  consist  partly  of  black  diorites  and  partly 
of  chocolate-coloured,  bright-red  weathering  felspar-ix)rphyries  or  rhyolites,  the 
latter  forming  prominent  hills.  Chamcook  mountain  itself,  and  its  associated  ridges, 
are  composed  below  of  dark  sandstones  and  above  of  diorite,  the  relation  of  the  two 
being  well  seen  on  a bluff  on  the  western  side  of  the  second  Chamcook  ridge,  where, 
by  the  partial  removal  of  the  softer  underlying  strata,  the  comparatively  hard  diorites 
may  be  seen  projecting  many  feet,  like  a shelf,  over  the  former.  That  the  agent  pro- 
ducing this  effect  was  ice,  rather  than  water,  is  showm  by  the  fact  that  the  underside 
of  the  overhanging  ledge  is  strewn  with  glacial  stria?,  having  the  same  north-and- 
south  direction  as  that  of  the  St.  Croix  valley.  As  there  is  no  corrasponding  ridge 
for  many  miles  to  the  westAvard  of  the  St.  Croix,  by  which  the  ice  might  have  been 
confined  and  forced  beneath  the  overhanging  brow,  it  seems  also  probable  that  the  ice 
was  that  of  a continental  rather  than  a local  glacier. 


III. 

We  come  now  to  the  consideration  of  Passamaquoddy  bay  proper.  The  northerji 
side  is  everywhere  occupied  by  the  Silurian  rocks  already  described,  extending  east- 
ward from  Bocabec  harbour  and  Digdequash  inlet  to  and  beyond  lake  Utopia.  They 
include  some  prominent  hills,  such  as  mount  Blair,  and  with  a westward  dip,  foimi  a 
series  of  ridges  with  ])arallel  intervening  valleys,  the  structure  and  arrangement 
suggesting  a series  of  successive  downthrows  toward  the  centre  of  the  bay.  At  the 
mo\ith  of  the  5lagaguadavic  on  the  northern  side,  and  again  at  Point  Midjic,  form- 
ing the  southern  boundary  of  the  same  inlet,  tlu'v  are  overlaid  by  small  outliers  of 
the  Perry  group  to  be  presently  noticed;  but  south  of  this  point  they  reappear  on  the 
Hascareen  shore,  bordering  this  to  the  Letite  passage  as  well  as  forming  the  northern 
side  of  ^fc^laster’s  and  Pendleton’s  islands.  At  Clark’s  point  on  the  ^lascareen 
shore,  and  elsewhere,  they  hold  characteristic  Silurian  fossils,  while  on  the  islands 
named  the  felspar  iiorphyries  or  rhyolites  form  somewhat  prominent  hills  similar  to 
those  of  Chamcook  lake,  and  by  their  colour  (bright  red  wlien  weathered)  form,  as 
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seen  from  St.  Andrews  or  Cluuncook  mountain,  a conspienuus  feature  in  the  .scenery 
of  Ihissanuuiuoddy  bay. 

On  its  southern  side,  rassaniaquoddy  bay  is  separated  from  the  J5ay  of  f'undy 
by  the  chain  of  the  Western  Isles,  the  largest  of  which  is  JJecr  island,  while  the 
smaller,  including  Adams  island,  Simpson’s  island.  Casco  Ifay  island,  Indian  island, 
and  many  smaller  islands,  lie  along  the  southern  side  of  the  latter.  In  Deer  island, 
and  again  in  Campobello,  a large  island  lying  to  the  south  and  west  of  the  latter, 
separated  by  the  Eastern  Passage,  and  opposite  the  town  of  Eastport,  the  rocks  are 
much  older  than  any  found  in  this  district.  They  consist  largely  of  diorites  and 
felsites,  associated  with  chloritic  and  horn-blendic  schists  and  are  supposed  to  be  of 
Pre-Cambrian  age;  but  among  the  smaller  islands,  some  are  Silurian  and  others  of 
Devonian  age.  The  rocks  of  Eastport  island  are  of  Silurian  age,  consisting  largely  of 
rhyolites  resting  upon  fossiliferous  slates  similar  to  those  of  the  Mascareen  shore. 

The  west  side  of  Passamaquoddy  bay  north  of  Eastport  is  made  up  of  red  sand- 
stones and  conglomerates  similar  to  those  of  the  St.  Andrews  peninsula  and  of  Epper 
Devonian  age.  They  extend  through  the  township  of  Perry,  where  they  contain 
Devonian  plants,  and  form  the  shore  northward  to  within  a few  miles  of  Kubbinston, 
where  they  meet  and  overlie  the  granites  already  referred  to. 

This  sketch  would  be  incomplete  without  some  reference  to  the  geology  of  Grand 
i\lanan,  for  though  this  island  is  outside  the  limits  of  the  area  under  discussion,  it  is 
a place  frequently  visited  by  the  members  of  the  Biological  Station  staif,  the  sur- 
rounding waters  being  one  of  the  most  interesting  fields  on  the  Atlantic  seaboard  for 
marine  scientific  research.  The  island  lies  at  the  mouth  of  the  Bay  of  Fundy,  and 
about  twelve  miles  distant  from  the  eastern  shore  of  Campobello.  It  is  about  fifteen 
miles  in  length,  while  its  breadth  varies  from  two  to  seven  miles.  Both  physio- 
graphically  and  geologically  it  embraces  two  tracts  of  which  the  one,  the  eastern,  is 
low  and  bordered  by  numerous  islands,  while  the  other  or  western,  is  considerably 
higher,  without  islands,  and  fronting  the  waters  of  the  bay  in  an  almost  unbroken 
line  of  precipitous  bluffs  from  300  to  TOO  feet  in  height.  The  rocks  of  the  eastern 
shore,  and  of  the  adjacent  islands,  where  are  all  the  settlements,  consist  of  a series  of 
slates  and  schists,  with  some  conglomerates,  which  are  believed  to  be  mainly  of  Pre- 
Cambrian  age,  though  obscure  fossils  are  said  to  have  been  found  at  one  point,  near 
the  Swallow-tail  light. 

The  greater  portion  of  the  island,  however,  including  all  the  uplands,  and  the 
western  shore,  which  are  uninhabited,  is  made  up  of  rocks  of  much  more  recent  origin, 
these  being  a series  of  trappean  rocks,  dolerites,  basalts,  and  amygdaloids,  of  Triassic 
age,  and  similar  to  those  which  constitute  cape  Blomidon  and  the  range  of  the  Xorth 
mountains  and  Digby  Xeck,  in  Xova  Scotia.  At  some  points  when  the  tide  is  low, 
they  may,  as  in  Xova  Scotia,  be  seen  to  overlie  red  sandstones,  which  are  also  of 
Triassic  age.  The  relations  of  the  traps  to  the  older  rocks  of  the  islands  may  be 
well  seen  at  either  the  Xorthern  or  Southern  Head.  At  both  of  these  points  and 
again  at  Dark  Harbour,  midway  of  the  length  of  the  island,  the  columnar  traps  con- 
stitute some  very  bold  and  picturesque  scenery. 

Not  only  do  the  Perry  rocks  form  the  western  side  of  Passamaquoddy  Bay,  but 
also  the  whole  of  the  St.  Andrews  peninsula.  As  seen  about  the  Biological  Station, 
and  elsewhere,  they  are  noticeable  for  their  brownish  red  colour,  for  their  coarseness, 
and  for  the  fact  that  they  are  made  up  mainly  of  metamorphic  rocks,  derived  directly 
from  the  underlying  formations,  including  especially  granite  and  rhyolite.  In  these 
respects  and  in  their  stratigraphical  relations  they  are  markedly  similar  to  what,  in 
other  parts  of  New  Brunswick,  have  been  referred  to  the  Bower  Carboniferous  period, 
and  are  so  represented  in  the  Geological  Survey  maps;  but  recent  observations  else- 
where have  tended  to  confirm  the  opinion  first  advanceii  by  the  late  Sir  William 
Dawson,  and  based  upon  their  plant  remains,  that  they  should  more  ])rn]ierly  lie 
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rrlViTinl  to  till'  rppcr  I h rmu  tlic  liu't  that  tlii-y  an*  (•(Hitiiuiously 

i-xpuscii  from  a point  not  far  aliove  l^>ran»ly  rove  to  tlie  liKlitlanise  in  I’assannniuuddy 
liay,  and  are  tilteil  at  a consiileralile  anj^le,  it  is  evident  tliat  they  must  jiossess  con- 
-iderahle  tlii«'kni‘ss,  hnt  they  are  undoubtedly  faulted  in  i»laees,  and  hence  no  definite 
or  reliahle  estimate  of  tliat  thickness  can  he  made.  At  many  points,  espin-ially  towards 
their  base,  they  are  jicnetrated  by  intrusive  volcanic  rocks,  dolerit^:,  diabase  and 
aniy^’ilaloid,  occurriiiff  ajiparcntly  both  as  dykes  and  sills.  They  are  well  exposed  at 
the  HioloKi<’i»l  Station,  which  is  jiartly  built  uixui  one  of  them,  and  another  has  no 
doubt  determined  the  iiromontory  of  does  point,  as  well  as  the  “ I>ar,”  connei-tin^  the 
mainland  with  Alinistcr's  or  Van  Horne's  island.  They  are,  of  course,  of  later  origin 
than  the  rocks  which  they  iienetrate. 

As  regards  the  relation  of  the  geology  to  the  present  toiMigraiihy  of  the  region,  it 
may.  in  conclusion  be  said,  that  the  jiosition  and  general  outline  of  Pa.ssamquoddy 
bay  were  determiii(*d  by  disturbance  and  ujiheavals  antedating  the  opening  of  the 
("’ambrian  era,  fixing  at  least  the  northern,  southern,  and  eastern  sides  of  the  basin 
by  ridges,  such  as  the  llocabec  hills  on  the  north  of  those  of  Deer  island  and  Cainpo 
Hello  on  the  south,  both  converging  eastwardly  to  and  beyond  St.  George. 

f)f  the  conditions  characterizing  the  ('ambrian  era  itself  Ave  know  nothing.  In 
the  Silurian  age  the  basin  was  evidently  in  existence  and  occupied  by  shallow  waters 
in  which  accumulated  sand  and  mud  beds,  now  more  or  less  filled  with  marine  fossils, 
over  which  were  spread  the  rhyolites,  poridiyries  and  ash  beds,  which  now  constitute 
such  eminences  as  Chamcook  mountain,  Mt.  Blair  and  Pendleton’s  island.  In  the 
Devonian  age  were  produced  the  gi’anitic  extrusions  which  now  form  the  western  side 
of  the  basin  from  Devil’s  Head  to  the  lower  part  of  Kobbinston;  and  somewhat  later 
the  coarse  rocks  of  the  Perry  group,  marking  at  this  time  considerable  subsidences,  and 
the  oi)eration  of  jxiwerful  marine  currents,  as  well  as  the  extrusion  of  igneous  masses. 
A’o  rocks  of  later  age  are  met  with;  Vmt  eA’idences  of  extensive  glaciation  during  the 
(Quaternary  era  abound.  The  estuarine  portion  of  the  St.  Croix  river  and  the  channels 
.at  either  end  of  Deer  island  were  probably  fixi^d  at  this  time. 
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